(19) 





(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 0 836 288 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

15.04.1998 Bulletin 1998/16 

(21) Application number: 97307725.8 

(22) Date of filing : 01 .1 0.1 997 



(51) int CI 6 : H04B 7/06, H04B 1/707, 
H04B 7/26 



(84) Designated Contracting States: 

AT BE CH DE DK ES R FR GB GR IE IT LI LU MC 
NL PTSE 

Designated Extension States: 
AL LT LV RO SI 

(30) Priority: 01.10.1996 JP 260625/96 

(71) Applicant: 

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 
Kadoma-shi Osaka (JP) 



(72) Inventors: 

• Hayashi, Masaki 
Yokohama (JP) 

• Miya, Kazayuki 
Yokohama (JP) 

(74) Representative: 

Dempster, Benjamin John Naftel et al 
Withers & Rogers 
4 Dyer's Buildings, 
Holborn 

London EC1N2JT (GB) 



CNJ 
< 

CO 
CO 
CsJ 

CO 
CO 
CO 

o 

CL 
UJ 



(54) Spread-spectrum method and system for communication between a base station and a 
plurality of mobile units 



(57) A method of communication between a base 
station with at least a mobile unit communication appa- 
ratus, a base station and a mobile unit communication 
apparatus employing the method are disclosed. The 
base station has a plurality of antennas for the antenna 
diversity. Transmission data is spectrum-spread with a 
pn code for a target mobile unit communication appara- 
tus and a pilot signal is also spectrum-spread with a pn 
code every antenna, which are frequency-multiplexed. 
A mobile unit de-spectrum-spreads the pilot signal with 
one of pn codes selected, which corresponds the trans- 
mitting antenna. The pilot signal and data may be time- 
division-multiplexed in a time slot. Data of the used 
antenna is transmitted by the base station by a position 
of null data in the time slot, or differentially coded which 
is detected by a null data detection circuit or by the 
delayed detection. Data of the antenna used may be 
transmitted by a mobile unit communication apparatus. 
The antenna transmitting the data may be detected at 
the mobile unit communication apparatus by detecting 
an error from error check codes. In the downward time 
slot, the spectrum-spread pilot signal is frequency-mul- 
tiplexed with spectrum-spread data and in the upward 
time slot, the spectrum-spread pilot signal is time-divi- 
sion-multiplexed with the spectrum-spread data. 



FIG. 1 
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Description 

This invention relates to a method of communica- 
tion between a base station and a plurality of mobile unit 
communication apparatus, a base station, and a mobile 5 
unit communication apparatus. 

A method of communication between a base sta- 
tion and a plurality of mobile unit communication appa- 
ratus through the CDMA (Code Division Multiple 
Access) and the TDD (Time Division Duplex) and a io 
base station and a mobile unit communication appara- 
tus employing this method are known. Generally, in the 
TDD method, it is easy to provide the transmission 
diversity to a base station. In the spatial-diversity-trans- 
mission. a base station having a plurality of antennas 75 
transmits data to a mobile unit communication appara- 
tus with one of the antennas showing a better transmis- 
sion condition to reduce the phasing in the mobile unit 
communication apparatus. 

A method of reducing the affection by the phasing in 20 
the direct spectrum spreading CDMA method is dis- 
closed by Akihiro Higashi. Tsulomu Taguchi, and Koji 
Ohno "Performance of Coherent RAKE Detection using 
Interpolation on DS/CDMA on TECHNICAL REPORT 
OF IEICE A-P94-74, RCS94-98 (1994-10). at pages 2s 
57-62 published by THE INSTITUTE OF ELECTRON- 
ICS. INFORMATION AND COMMUNICATION ENGI- 
NEERS. 

The aim of the present invention is to provide an 
improved method of communication between a base 30 
station and at least a mobile unit communication appa- 
ratus, an improved base station, and an improved 
mobile unit communication apparatus. 

According to the present invention, a first method of 
communication between a base station and at least a 35 
mobile unit communication apparatus through the code 
division multiple accessing is provided, which com- 
prises the steps of: in the base station, (a) providing a 
plurality of antennas to the base station for the antenna 
diversity communication; (b) spectrum-spreading data *o 
to be transmitted to the mobile unit communication 
apparatus with a first pn (pseudonoise) code assigned 
to the mobile unit communication apparatus; (c) spec- 
trum-spreading a pilot signal with second pn codes 
respectively assigned to a plurality of the antennas to 45 
generate spectrum-spread pilot signals, the first pn 
code being different from each of the second pn codes; 
(d) multiplexing one of the spectrum-spread pilot signals 
corresponding to one of a plurality of the antennas to be 
used with the spectrum-spread data; and (e) transmit- so 
ting the multiplexed spectrum-spread pilot signal and 
spectrum-spread data as a radio wave signal through 
one of a plurality of the antennas every downward time 
slot; in the mobile unit communication apparatus, (f) 
receiving the radio wave signal; (g) supplying one of 55 
third pn codes corresponding to the second pn codes; 
(h) de-spectrum-spreading the received radio wave sig- 
nals with one of third pn codes to output a pilot signal 



correlation result; (i) de-spectrum- spreading the 
received radio wave signals with a fourth pn code corre- 
sponding to the first pn code to provide data correlation 
results; (j) RAKE-combining the data correlation results 
in accordance with the pilot signal correlation result to 
output a RAKE-combined signal; (k) synchronously- 
detecting the RAKE-combined signal to output a com- 
bined signal; and (I) controlling supplying one of the 
third pn codes in accordance with the combined signal. 

In the first method, the pilot signal may be spec- 
trum-spread with the first pn codes only for a predeter- 
mined symbol period in the downward time slot. In this 
case, the data is spectrum-spread for a predetermined 
interval other than the predetermined symbol period in 
the downward time slot. 

The first method may further comprise the steps of: 

in the mobile unit communication apparatus, deter- 
mining which one of a plurality of the antennas is 
used in accordance with the received radio wave 
signals; generating a command indicative of which 
one of a plurality of the antennas is used; and trans- 
mitting the command to the base station; in the 
base station, receiving the transmitted command, 
wherein one of third pn codes corresponding to the 
second pn codes being supplied in accordance with 
the transmitted command. 

The first method may further comprise the steps of: 
in the base station, determining one of a plurality of the 
antennas to be used; providing a null data interval in a 
data interval of the spectrum-spread data in the time 
slot at one of predetermined positions in the downward 
time slot in accordance with the determined one of a 
plurality of the antennas; and in the mobile unit commu- 
nication apparatus, detecting the null data interval and 
detecting one of predetermined positions from the radio 
wave signal, one of third pn codes corresponding to the 
second pn codes being supplied in accordance with the 
detected one of predetermined positions. 

The first method may further comprise the steps of : 
in the base station, determining one of a plurality of the 
antennas to be used; differentially-coding information 
indicative of one of plurality of the antennas to be used; 
providing the differentially-coded information in the 
downward time slot together with the spectrum-spread 
data; in the mobile unit communication apparatus, 
detecting the differentially-coded information from the 
received radio wave signal through the detayed-detec- 
tion; and one of third pn codes corresponding to the 
second pn codes being supplied in accordance with the 
detected differentially-coded information. 

The first method may further comprise the steps of: 
(m) in the base station, error-check-coding the data to 
include error check codes before spectrum-spreading 
the data; in the mobile unit communication apparatus, 
(n) error-correcting the data with the error check codes 
after synchronously-detecting the RAKE-combined sig- 
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nal; (o) judging whether the data is error-corrected to a 
predetermined extent; (p) outputting the error-corrected 
data if the data is error-corrected to the predetermined 
extent; (q) supplying another of the third pn codes and 
effecting steps (h) to (k) and (n) to (p) until the data is 5 
error-corrected to the predetermined extent. 

According to the present invention, a second 
method of communication between a base station and 
at least a mobile unit communication apparatus through 
the code division multiple accessing is provided, which 10 
comprises the steps of: in the base station, (a) providing 
a plurality of antennas to the base station for the 
antenna diversity communication; (b) error-correction - 
coding data to indude error correction codes; (c) spec- 
trum-spreading data from step (b) with a first pn code 15 
assigned to the mobile unit communication apparatus; 
(d) spectrum-spreading a pilot signal with second pn 
codes respectively assigned to a plurality of the anten- 
nas to generate spectrum-spread pilot signals, the first 
pn code being different from each of the second pn 20 
codes; (e) multiplexing one of the spectrum-spread pilot 
signals corresponding to one of a plurality of the anten- 
nas to be used with the spectrum-spread data; and (f) 
transmitting the multiplexed spectrum-spread pilot sig- 
nal and spectrum-spread data as a radio wave signal 25 
through one of a plurality of the antennas to be used 
every downward time slot; in the mobile unit communi- 
cation apparatus, (g) receiving the radio wave signal; (h) 
de-spectrum-spreading the received radio wave signal 
with third pn codes corresponding to the second pn 30 
codes to output pilot signal correlation results in parallel; 
(i) de-spectrum-spreading the received radio wave sig- 
nals with a fourth pn code corresponding to the first pn 
code to provide data correlation results; (j) RAKE-com- 
bining the data correlation results in accordance with 35 
the pilot signal correlation results to output RAKE-com- 
bined signals in parallel; (k) synchronously-detecting 
the RAKE-combined signals to output detection signals 
in parallel; (I) error-correcting the data from the detec- 
tion signals with the error check codes, outputting error- 40 
corrected signals, and generating syndromes every the 
detection signals; (m) predicting one of plurality of 
antennas used from the syndromes; and (n) outputting 
one of the error-corrected signals in accordance with 
the predicted one of plurality of antennas. 45 

According to the present invention, a third method 
of communication between a base station and at least a 
mobile unit communication apparatus through the code 
division multiple accessing and the time-division- 
duplexing is provided, which comprises the steps of: in 50 
the base station, (a) providing a plurality of antennas to 
the base station for the antenna diversity communica- 
tion; (b) spectrum-spreading data to be transmitted to 
the mobile unit communication apparatus with a first pn 
code assigned to the mobile unit communication appa- 55 
ratus every downward time slot; (c) spectrum-spreading 
a pilot signal with second pn codes respectively 
assigned to a plurality of the antennas to generate spec- 



trum-spread pilot signals every downward time slot, the 
first pn codes being different from each of the second pn 
codes; (d) multiplexing one of the spectrum-spread pilot 
signals corresponding to one of a plurality of the anten- 
nas to be used with the spectrum- spread data; and (e) 
transmitting the multiplexed spectrum-spread pilot sig- 
nal and spectrum-spread data as a radio wave signal 
through one of a plurality of the antennas every the 
downward time slot; in the mobile unit communication 
apparatus, (f) receiving the radio wave signal to output 
the data in accordance with the pilot signal included in 
the radio wave signal; (f) spectrum-spreading second 
data to be transmitted to the base station with a third pn 
code corresponding to the first pn code; (g) spectrum- 
spreading a second pilot signal with the third pn code; 
(h) time-division-multiplexing the spectrum-spread sec- 
ond pilot signal with the spectrum-spread second data 
in every upward time slot; and (i) transmitting the time- 
division-multiplexed spectrum-spread second pilot sig- 
nal and the spectrum-spread second data as a second 
radio wave signal. 

According to the present invention, a first base sta- 
tion for communicating with at least a mobile unit com- 
munication apparatus through the code division multiple 
access is provided, which comprises: a first spectrum- 
spreading circuit for spectrum-spreading data to be 
transmitted to the mobile unit communication apparatus 
with a first pn code assigned to the mobile unit commu- 
nication apparatus; a selection circuit; and a plurality of 
transmission units respectively having a plurality of 
antennas provided for the antenna diversity communi- 
cation, the selection circuit selecting one of a plurality of 
the antennas in accordance with control data, each of a 
plurality of the transmission units further including: a 
second spectrum-spreading circuit for spectrum- 
spreading a pilot signal with a second pn code assigned 
to the selected one of a plurality of the antennas to gen- 
erate a spectrum-spread pilot signal, the first pn code 
being different from the second pn code, the selection 
circuit supplying the spectrum-spread data to one of the 
plurality transmission units in response to the control 
data; a multiplexing circuit for multiplexing the spec- 
trum-spread pilot signal with the spectrum-spread data, 
and a transmitting circuit for transmitting the multiplexed 
spectrum-spread pilot signal and the spectrum-spread 
data as a radio wave signal through the selected one of 
antennas every downward time slot. 

According to the present invention, a first mobile 
unit communication apparatus for communicating with a 
base station having a plurality of antennas through the 
code division multiple accessing is provided, the base 
station transmitting a radio wave signal by one of a plu- 
rality of the antennas, the radio wave signal including 
data multiplexed with a pilot signal, the data being spec- 
trum-spread with a first pn code assigned to the mobile 
unit communication apparatus, the pilot signal being 
spectrum-spread with a second pn code assigned to 
one of a plurality of the antennas transmitting the radio 
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wave signal, the mobile unit communication apparatus 
comprising: a receiving circuit for receiving the radio 
wave signal; a switch circuit for supplying one of third pn 
codes corresponding to the second pn code; a first de- 
spectrum-spreading circuit for de-spectrum-spreading 
the received radio wave signal with one of the third pn 
codes from the switch circuit to output a pilot signal cor- 
relation result; a second de-spectrum -spreading circuit 
for de-spectrum-spreading the received radio wave sig- 
nal with a fourth pn code corresponding to the second 
pn code to provide data correlation results; a RAKE- 
combining circuit for RAKE-combining the data correla- 
tion results in accordance with the pilot signal correla- 
tion result to output a RAKE -combined signal; a 
synchronously-detecting circuit for synchronously- 
detecting the RAKE-combined signal; and a controlling 
circuit for controlling the switch circuit to supply one of 
the third pn codes in accordance with an output of the 
synchronously-detecting circuit. 

According to the present invention, a second base 
station for communicating with at least a mobile unit 
communication apparatus through the code division 
multiple access is provided, which comprises: a first 
spectrum-spreading circuit for spectrum-spreading data 
to be transmitted to the mobile unit communication 
apparatus with a first pn code assigned to the mobile 
unit communication apparatus; a selection circuit; and a 
plurality of transmission units respectively having a plu- 
rality of antennas provided for the antenna diversity 
communication, the selection circuit selecting one of the 
antennas in accordance with control data, each of a plu- 
rality of the transmission units further including: first and 
second switching circuits; a second spectrum-spread- 
ing circuit for spectrum-spreading a pilot signal with a 
second pn code assigned to the selected one of a plu- 
rality of the antennas to generate a spectrum-spread 
pilot signal, the first pn code being different from the 
second pn code, the selection circuit supplying the 
spectrum-spread data to one of a plurality of the trans- 
mission units in response to the control data; a multi- 
plexing circuit for multiplexing the spectrum-spread pilot 
signal with the spectrum-spread data, the first switching 
circuit supplying the spectrum-spread pilot signal to the 
multiplexing circuit for a predetermined symbol period in 
a downward time slot, the second switching circuit sup- 
plying the spectrum-spread data to the multiplexing cir- 
cuit for a period other than the predetermined interval in 
the downward time slot; and a transmitting circuit for 
transmitting the multiplexed spectrum-spread pilot sig- 
nal and the spectrum-spread data as a radio wave sig- 
nal through the antenna every the downward time slot. 

According to the present invention, a second 
mobile unit communication apparatus for communicat- 
ing with a base station having a plurality of antennas 
through the code division multiple accessing is pro- 
vided, the base station transmitting a radio wave signal 
by one of a plurality of the antennas, the radio wave sig- 
nal including data multiplexed with a pilot signal, the 



data being spectrum-spread with a first pn code 
assigned to the mobile unit communication apparatus 
for a predetermined interval in a downward time slot, the 
pilot signal being spectrum-spread with a second pn 
5 code assigned to one of a plurality of the antennas 
transmitting the radio wave signal for a period other than 
the predetermined interval in the downward time slot, 
the mobile unit communication apparatus comprising: a 
receiving circuit for receiving the radio wave signal; a 
7 0 switch circuit for supplying one of third pn codes corre- 
sponding to the second pn code; a first de-spectrum- 
spreading circuit for de-spectrum-spreading the 
received radio wave signal with one of the third pn 
codes from the switch circuit to output a pilot signal cor- 
15 relation result; a second de-spectrum-spreading circuit 
for de-spectrum-spreading the received radio wave sig- 
nal with a fourth pn code corresponding to the first pn 
code to provide data correlation results; a storing circuit 
for storing the data correlation results; a RAKE-combin- 
20 ing circuit for RAKE-combining the data correlation 
results from the storing circuit in accordance with the 
pilot signal correlation result to output a RAKE-com- 
bined signal; a synchronously-detecting circuit for syn- 
chronously-detecting the RAKE-combined signal; and a 
25 controlling circuit for controlling the switch circuit to sup- 
ply one of the third pn codes in accordance with an out- 
put of the synchronously-detecting circuit. 

According to the present invention, a third base sta- 
tion for communicating with at least a mobile unit com- 
30 munication apparatus through the code division multiple 
access is provided, which comprises: a first spectrum- 
spreading circuit for spectrum-spreading data to be 
transmitted to the mobile unit communication apparatus 
with a first pn code assigned to the mobile unit commu- 
35 nication apparatus; a selection circuit; nnd a plurality of 
transmission units respectively having a plurality of 
antennas provided for the antenna diversity communi- 
cation, the selection circuit selecting one of the anten- 
nas in accordance with control data, each of a plurality 
40 of the transmission units further including: a second 
spectrum-spreading circuit for spectrum -spreading a 
pilot signal with a second pn code assigned to the 
selected antenna to generate a spectrum-spread pilot 
signal, the first pn code being different from the second 
45 pn code, the selecting circuit supplying the spectrum- 
spread data to one of a plurality of the transmission 
units in accordance with the control data; a multiplexing 
circuit for multiplexing the spectrum-spread pilot signal 
with the spectrum-spread data, and a transmitting cir- 
so cuit for transmitting the multiplexed spectrum-spread 
pilot signal and the spectrum-spread data as a radio 
wave signal through the selected antenna; a differen- 
tially-coding circuit for differentially-coding the control 
data; and a time division multiplex circuit for time-divi- 
55 sion-murtiplexing the differentially-coded control data 
with the data in a downward time slot, the first spectrum- 
spreading circuit spectrum-spreading the differentially- 
coded control data and the data. 
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According to the present invention, a third mobile 
unit communication apparatus for communicating with a 
base station having a plurality of antennas through the 
code division multiple accessing is provided, the base 
station transmitting radio wave signal by one of a plural- 
ity of the antennas, the radio wave signal including dif- 
ferentially-coded control data indicative of one of a 
plurality of the antennas used and data multiplexed with 
a pilot signal, the data being spectrum-spread with a 
first pn code assigned to the mobile unit communication 
apparatus, the pilot signal being spectrum-spread with a 
second pn code assigned to one of a plurality of the 
antennas transmitting the radio wave signal, the mobile 
unit communication apparatus comprising: a receiving 
circuit for receiving the radio wave signal; a switch cir- 
cuit for supplying one of third pn codes corresponding to 
the second pn code; a first de-spectrum -spreading cir- 
cuit for de-spectrum-spreading the received radio wave 
signal with one of the third pn codes from the switch cir- 
cuit to output a pilot signal correlation result; a second 
de-spectrum-spreading circuit for de-spectrum-spread- 
ing the received radio wave signal with a fourth pn code 
corresponding to the first pn code to provide data corre- 
lation results; a RAKE-combining circuit for RAKE-com- 
bining the data correlation results in accordance with 
the pilot signal correlation result to output a RAKE-com- 
bined signal; a synchronously-detecting circuit for syn- 
chronously-detecting the RAKE-combined signal; and a 
delayed-detection circuit for detecting the control data 
from the RAKE-combined signal through the delayed- 
detection; and a controlling circuit for controlling the 
switch circuit to supply one of the third pn codes in 
accordance with an output of the delayed-detection cir- 
cuit. 

According to the present invention, a fourth base 
station for communicating with at least a mobile unit 
communication apparatus through the code division 
multiple access is provided, which comprises: an error- 
check-coding circuit for error-check-coding data to be 
transmitted to the mobile unit communication appara- 
tus; a first spectrum-spreading circuit for spectrum- 
spreading data from the error-check-coding circuit with 
a first pn code assigned to the mobile unit communica- 
tion apparatus; a selection circuit; and a plurality of 
transmission units respectively having a plurality of 
antennas provided for the antenna diversity communi- 
cation, the selection circuit selecting one of a plurality of 
the antennas in accordance with control data, each of a 
plurality of the transmission units further including: a 
second spectrum-spreading circuit for spectrum- 
spreading a pilot signal with a second pn code assigned 
to the selected antenna to generate a spectrum-spread 
pilot signal, the first pn code being different from the 
second pn code, the selecting circuit supplying the 
spectrum-spread data to one of a plurality of the trans- 
mission units to select one of the antennas; a multiplex- 
ing circuit for multiplexing the spectrum-spread pilot 
signal with the spectrum-spread data; and a transmit- 



ting circuit for transmitting the multiplexed spectrum- 
spread pilot signal and the spectrum-spread data as a 
radio wave signal through the selected antenna. 

According to the present invention, a fourth mobile 
5 unit communication apparatus for communicating with a 
base station having a plurality of antennas through the 
code division multiple accessing is provided, the base 
station transmitting a radio wave signal by one of a plu- 
rality of the antennas, the radio wave signal including 
io data multiplexed with a pilot signal, the data error- 
check-coded to have error check codes, the data being 
spectrum-spread with a first pn code assigned to the 
mobile unit communication apparatus, the pilot signal 
being spectrum-spread with a second pn code assigned 
is to one of a plurality of the antennas transmitting the 
radio wave signal, the mobile unit communication appa- 
ratus comprising: a receiving circuit for receiving the 
radio wave signal; a switch circuit for supplying one of 
third pn codes corresponding to the second pn code; a 
20 first de-spectrum-spreading circuit for de-spectrum- 
spreading the received radio wave signal with one of the 
third pn codes from the switch circuit to output a pilot 
signal correlation result; a second de-spectrum-spread- 
ing circuit for de-spectrum-spreading the received radio 
25 wave signal with a fourth pn code corresponding to the 
first pn code to provide data correlation results; a 
RAKE-combining circuit for RAKE-combining the data 
correlation results in accordance with the pilot signal 
correlation result to output a RAKE-combined signal; a 
30 synchronously-detecting circuit for synchronously- 
detecting the RAKE-combined signal; an error-correct- 
ing circuit for error correcting an output of the synchro- 
nously-detecting circuit; and a controlling circuit for 
judging whether the data from an output of the synchro- 
35 nously-detecting circuit is error-corrected to a predeter- 
mined extent, for outputting the error-corrected data if 
the data from the output of the synchronously-detecting 
circuit is error-corrected to the predetermined extent, for 
controlling the switching circuit to supply another of the 
40 third pn codes, and for operating the RAKE-combining 
circuit, the synchronously-detecting circuit, and the 
error-correcting circuit until the output of the synchro- 
nously-detecting circuit is error-corrected to the prede- 
termined extent. 
45 According to the present invention, a fifth base sta- 
tion for communicating with at least a mobile unit com- 
munication apparatus through the code division multiple 
access is provided, which comprises: an error-correc- 
tion-coding circuit for error-correction -coding data to be 
so transmitted to the mobile unit communication appara- 
tus; a first spectrum-spreading circuit for spectrum- 
spreading data error-correction-coding circuit with a first 
pn code assigned to the mobile unit communication 
apparatus; a selection circuit; and a plurality of trans- 
55 mission units respectively having a plurality of antennas 
provided for the antenna diversity communication, the 
selection circuit selecting one of a plurality of the anten- 
nas in accordance with control data, each of a plurality 
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of the transmission units further including: a second 
spectrum-spreading circuit for spectrum-spreading a 
pilot signal with a second pn code assigned to the 
selected antenna to generate a spectrum-spread pilot 
signal, the first pn code being different from the second 
pn code, the selecting circuit supplying the spectrum- 
spread data to one of a plurality of the transmission 
units to select one of the antennas; a multiplexing circuit 
for multiplexing the spectrum-spread pilot signal with 
the spectrum-spread data, and a transmitting circuit for 
transmitting the multiplexed spectrum-spread pilot sig- 
nal and the spectrum-spread data as a radio wave sig- 
nal through the antenna. 

According to the present invention, a fifth mobile 
unit communication apparatus for communicating with a 
base station having N antennas through the code divi- 
sion multiple accessing is provided, the base station 
transmitting radio wave signal by one of the N antennas, 
N being a natural number, the radio wave signal includ- 
ing data multiplexed with a pilot signal, the data being 
error-correction-coded to have error check codes, the 
data being spectrum-spread with a first pn code 
assigned to the mobile unit communication apparatus, 
the pilot signal being spectrum-spread with one of N 
second pn codes assigned to the antenna transmitting 
the radio wave signal, the mobile unit communication 
apparatus comprising: a receiving circuit for receiving 
the radio wave signal; N first de-spectrum-spreading cir- 
cuit for de-spectrum-spreading the received radio wave 
signal with N third pn codes respectively corresponding 
to the N second pn codes to output N pilot signal corre- 
lation results; a second de-spectrum-spreading circuit 
for de-spectrum-spreading the received radio wave sig- 
nal with a fourth pn code corresponding to the first pn 
code to provide data correlation results; N RAKE-com- 
bining circuits for respectively RAKE -combining the 
data correlation results in accordance with the N pilot 
signal correlation results to output N RAKE-combined 
signals; N synchronously-detecting circuits for respec- 
tively synchronously-detecting the N RAKE-combined 
signals to output N detection signals; N error-correcting 
circuits for error-correcting N detection signals to output 
N error-corrected signals and generating corresponding 
N syndromes; and a control circuit for predicting which 
one of the N antennas is used from the N syndromes, 
and for outputting one of the N error-corrected signals 
corresponding to the N syndromes showing a highest 
probability. 

According to the present invention, a sixth base sta- 
tion for communicating with, at least a mobile unit com- 
munication apparatus through the code division multiple 
access and the time-division<iuplexing is provided, 
which comprises: a first spectrum-spreading circuit for 
spectrum-spreading data to be transmitted to the mobile 
unit communication apparatus with a first pn code 
assigned to the mobile unit communication apparatus; a 
selection circuit; and a plurality of transmission units 
respectively having a plurality of antennas provided for 



the antenna diversity communication, the selection cir- 
cuit selecting one of a plurality of the antennas in 
accordance with control data, each of a plurality of the 
transmission units further including: a second spec- 
5 trum-spreading circuit for spectrum-spreading a pilot 
signal with a second pn code assigned to the selected 
antenna to generate a spectrum-spread pilot signal, the 
first pn code being different from the second pn code, 
the selection circuit supplying the spectrum-spread data 
70 to one of the plurality transmission units in response to 
the control data to select one of the antennas; a multi- 
plexing circuit for multiplexing the spectrum-spread pilot 
signal with the spectrum-spread data; and a transmit- 
ting circuit for transmitting the multiplexed spectrum- 
15 spread pilot signal and the spectrum-spread data as a 
radio wave signal through the antenna every downward 
time slot; and a receiving circuit for receiving a second 
radio wave signal from the mobile unit communication 
apparatus every upward time slot. 
20 According to the present invention, a sixth mobile 
unit communication apparatus for communicating with a 
base station having a plurality of antennas through the 
code division multiple accessing and the time-division- 
duplexing, the base station transmitting first radio wave 
25 signal by one of a plurality of antennas, the first radio 
wave signal including first data multiplexed with a first 
pilot signal, the first radio wave signal the data being 
spectrum-spread with a first pn code assigned to the 
mobile unit communication apparatus, the first pilot sig- 
30 nal being spectrum-spread with a second pn code 
assigned to one of a plurality of the antennas transmit- 
ting the first radio wave signal, the mobile unit commu- 
nication apparatus comprising: a receiving circuit for 
receiving the first radio wave signal; a switch circuit for 
35 supplying one of third pn codes corresponding to the 
second pn codes; a first de-spectrum-spreading circuit 
for de-spectrum-spreading the received first radio wave 
signal with one of the third pn codes from the switch cir- 
cuit to output a pilot signal correlation result; a second 
40 de-spectrum-spreading circuit for de-spectrum- spread- 
ing the received radio wave signal with a fourth pn code 
corresponding to the first pn code to provide data corre- 
lation results; a RAKE-combining circuit for RAKE-com- 
bining the data correlation results in accordance with 
45 the pilot signal correlation result to output a RAKE-com- 
bined signal; a synchronously-detecting circuit for syn- 
chronously-detecting the RAKE-combined signal; a 
controlling circuit for controlling the switch circuit to sup- 
ply one of the third pn codes in accordance with an out- 
50 put of the synchronously-detecting circuit; a third 
spectrum-spreading circuit for spectrum-spreading sec- 
ond data to be transmitted to the base station with the 
fourth pn code; a fourth spectrum-spreading circuit for 
spectrum-spreading a second pilot signal with the third 
55 pn code; a time-division-duplexing circuit for time-divi- 
sion-duplexing the spectrum-spread pilot signal from 
the fourth spectrum-spreading circuit with the spectrum- 
spread second data; and a transmitting circuit for trans- 
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mitting an output of the time-division-duplexing circuit 
as a second radio wave signal every downward time slot 
to the base station. 

The object and features of the present invention will 
become more readily apparent from the following 5 
detailed description taken in conjunction with the 
accompanying drawings in which: 

Fig. 1 is a block diagram of a communication sys- 
tem of all embodiments of this invention; 10 
Fig. 2 is a time chart of a transmission condition 
variation of a first embodiment; 
Fig. 3 is a block diagram of a base station of the first 
embodiment; 

Fig. 4 is a block diagram of a mobile unit communi- is 
cation apparatus of the first embodiment; 
Fig. 5A is an illustration of a format of a time slot of 
the pilot channel of a second embodiment; 
Fig. 5B is an illustration of a format of a time slot of 
the data channel of the second embodiment; 20 
Fig. 5C is an illustration of a modified format of a 
time slot of the pilot channel of the second embodi- 
ment; 

Fig. 6 is an illustration of the second embodiment 
showing another modified format of a time slot of 25 
the pilot channel; 

Fig. 7 is a block diagram of a base station of the 
second embodiment; 

Fig. 8 is a block diagram of a mobile unit communi- 
cation apparatus of the second embodiment; 30 
Fig. 9 is an illustration of a third embodiment show- 
ing a communication system; 
Fig. 10 is a block diagram of the mobile unit com- 
munication apparatus of the third embodiment; 
Fig. 1 1 is a block diagram of the base station of the 35 
third embodiment; 

Figs. 12A to 12C are illustrations of a fourth embod- 
iment showing time slot formats transmitted from a 
base station; 

Fig. 13 is a block diagram of a base station of the 40 
fourth embodiment; 

Fig. 14 is a block diagram of a mobile unit commu- 
nication apparatus of the fourth embodiment; 
Figs. 15A to 15C are another time slot formats of 
the fourth embodiment; 45 
Figs. 16A and 16B are illustration of slot formats of 
the pilot signal and data signal of a fifth embodi- 
ment; 

Fig. 17 is a block diagram of a base station of the 
fifth embodiment; 50 
Fig. 18 is a block diagram of a mobile unit commu- 
nication apparatus of the fifth embodiment; 
Fig. 19 is a block diagram of a base station of a 
sixth embodiment; 

Fig. 20 is a block diagram of a mobile unit commu- 55 
nication apparatus of the sixth embodiment; 
Fig. 21 depicts a flow chart of the control circuit of 
the sixth embodiment; 



Fig. 22 is a block diagram of a base station of a sev- 
enth embodiment; 

Fig. 23 is a block diagram of a mobile unit commu- 
nication apparatus of the seventh embodiment; 
Fig. 24 is a table of the seventh embodiment; 
Fig. 25 is a time chart of communication of the sev- 
enth embodiment; 

Fig. 26 is a block diagram of a mobile unit commu- 
nication apparatus of an eighth embodiment; 
Fig. 27 is a block diagram of a base station of the 
eighth embodiment; 

Fig. 28 is a block diagram of the receiving units of 
the eight embodiment; and 

Fig. 29 shows a modified time slot format of the 
eighth embodiment 

The same or corresponding elements or parts are 
designated with like references throughout the draw- 
ings. 

(FIRST EMBODIMENT) 

Fig. 1 is a block diagram of a communication sys- 
tem of all embodiments of this invention. Rg. 2 is a time 
chart of a transmission condition variation of the first 
embodiment. 

In this embodiment, it is assumed that a base sta- 
tion 0001a having two antennas A and B can communi- 
cate with five mobile unit communication apparatus 
0004a and 0005 to 0008 at the same time. 

A communication method of the first embodiment 
will be described. 

As shown in Fig. 2, a frame includes a plurality of 
time slots and each time Slot includes a plurality of sym- 
bols. Each time slot of the antenna A includes a pilot 
channel PCH-1 for transmitting a pilot signal (symbols) 
identically defined for the antenna A. On the other hand, 
each time slot of the antenna B includes a pilot channel 
PCH-2 for transmitting another pilot signal (symbols) 
identically defined for the antenna B. 

The base station 0001a predicts a line condition 
from the received signal from the mobile unit communi- 
cation apparatus 0004a and selects one of the anten- 
nas A or B showing a better line condition between the 
base station 0001a and the mobile unit communication 
apparatus 0004a. Similarly, the base station 0001a 
selects one of the antennas A and B every mobile unit 
communication apparatus 0005 to 0008. The base sta- 
tion 0001a determines the selection of the antennas A 
and B for every mobile unit communication apparatus 
0004a and 0005 to 0008 every time slot or every several 
time slots. 

In a time slot ts1 , the pilot signal PCH-1 , data TCH- 
1 , data TCH-2, and data TCH-3 are transmitted from the 
antenna A through multiplexing and the pilot signal 
PCH-2, data TCH-4, and data TCH-5 are transmitted 
from the antenna B with multiplexing. In a time slot ts2, 
the pilot signal PCH-1, data TCH-2, and data TCH-3 are 
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transmitted from the antenna A with multiplexing and 
the pilot signal PCH-2, data TCH-1, and data TCH-4, 
and data TCH-5 are transmitted from the antenna B 
through multiplexing. 

Because different radio wave signals transmitted 
from the same antenna reach the mobile unit communi- 
cation apparatus 0004a via the same path, they are 
subjected to the same line condition such as the phas- 
ing. Thus, it is possible to predict a reference phase and 
a delayed profile of any data transmitted from the 
antenna A from the received pilot signal PCH-1 Simi- 
larly, it is also possible to predict a reference phase and 
a delayed profile of any data transmitted from the 
antenna B from the received pilot signal PCH-2. In this 
system, any of the mobile unit communication appara- 
tus 0004a and 0005 to 0008 can receive the pilot signal 
for every symbol period in every time slot. 

Fig. 3 is a block diagram of a base station 0001 a of 
the first embodiment, wherein only three channels are 
shown. Fig. 4 is a block diagram of a mobile unit com- 
munication apparatus 0004a of the first embodiment. 

The base station 0001a of the first embodiment 
comprises M channels of input circuits 0230 to 0232 for 
receiving data, M switches 0207 to 0209, N transmis- 
sion units 0240 and 0241 for transmitting radio wave 
signals, receiving units 0217 and 0218, a line condition 
prediction circuit 0219, and a selector 0210, wherein M 
and N are natural numbers. 

The input circuit 0230 of the channel 1 includes a 
decoder 0201 for decoding data of a channel CH1, a 
spectrum-spreading circuit 0204 for spectrum-spread- 
ing an output of the coder 0201 with a pseudonoise (pn) 
code (1). The channel CH1 is assigned to the mobile 
unit 0004a. The selector 0210 selects one of N trans- 
mission units, that is one of antennas A and B, by con- 
trolling the switches 0207 to 0209. The transmission 
unit 0240 comprises a spectrum-spreading circuit 021 1 
for spectrum-spreading a pilot signal assigned to the 
antenna A, a multiplexer 0213 for multiplexing outputs of 
the switches 0207 to 0209 and the spectrum-spread 
pilot signal from the spectrum-spreading circuit 021 1 . a 
frequency converter 0215 for frequency-converting an 
output of the multiplexer 021 3, a duplexer 0220. and the 
antenna A. 

The input circuits 0231 and 0232 have the same 
structure as the input circuit 0230 and the transmission 
unit 0241 has the same structure as the transmission 
unit 0240 except that the pn code supplied to the spec- 
trum-spreading circuit 0212 is different from the pn code 
supplied to the spectrum-spreading circuit 021 1 , that is 
the pn code supplied to the spectrum-spreading circuit 
0212 is assigned to the antenna B. 

A spectrum-spreading circuit 0211 spectrum- 
spreads a pilot signal with the pn code identically 
defined for the antenna A. The murtiplexer 0213 multi- 
plexes outputs of the switch 0207 to 0209 and the spec- 
trum spread pilot signal from the spectrum-spreading 
circuit 0211. A frequency converter 0215 frequency- 



converts the output of the multiplexer 0213 and trans- 
mits the frequency-converted signal through the 
antenna A via the duplexer 0220. 

Moreover, the spectrum -spreading circuit 0212 

5 spectrum-spreads the pilot signal with the pn code iden- 
tically defined for the antenna B. A multiplexer 0214 
multiplexes outputs of the switches 0207 to 0209 and 
the spectrum-spread pilot signal from the spectrum- 
spreading circuit 0212. A frequency converter 0216 fre- 

w quency-converts the output of the multiplexer 0214 and 
transmits the frequency-converted signal through the 
antenna B via the duplexer 0221. 

The antenna A receives radio wave signals from the 
mobile unit communication apparatus 0004a and 0005 

15 to 0008 and the duplexer 0220 supplies the received 
radio wave signals to the receiving unit 0217. The 
receiving unit 0217 supplies received data to the line 
condition prediction circuit 0219. Similarly, the antenna 
B receives radio wave signals from the mobile unit com- 

20 munication apparatus 0004a and 0005 to 0008 and the 
duplexer 0221 supplies the received radio wave signals 
to the receiving unit 0218. The receiving unit 0218 sup- 
plies received data to the line condition prediction circuit 
0219. 

25 The line condition prediction circuit 0219 predicts 
the line conditions between the antenna A and the 
mobile unit communication apparatus 0004a and 0005 
to 0008 and between the antenna B and the mobile unit 
communication apparatus 0004a and 0005 to 0008 and 

30 selects one of the antennas A or B every line or chan- 
nel. The switch 0207 selects one of the antennas A and 
B in response to the selection circuit 0210. The selec- 
tion is made every time slot or every several time slots. 
Similarly, each of the switches 0208 and 0209 selects 

35 one of the antennas A and B in response to the selec- 
tion circuit 0210. The selection is made every time slot 
or every several time slots also. 

Because one of the antennas A and B showing a 
better line condition with respect to the channel is 

40 selected, an intensity of the desired radio wave signal is 
increased. On the other hand, this does not increase 
interference components to other mobile unit communi- 
cation apparatus. 

Because the pilot signals are continuously transmit- 

45 ted every antenna every downward time slot, the refer- 
ence phase and the delayed profile can be predicted 
more surely. 

Fig. 4 is a block diagram of a mobile unit communi- 
cation apparatus 0004a shown in Fig. 1 . 

so The mobile unit communication apparatus 0004a 
comprises an antenna 0301 for receiving a radio wave 
signal transmitted from the base station 0001a, a fre- 
quency converter 0302 for frequency-converts the 
received radio wave signal into a base band signal, a 

55 de-spectrum-spreading circuit 0305 for de-spectrum- 
spreading the base band signal from the frequency con- 
verter 0302 with a pn code assigned to the mobile unit 
communication apparatus, a switch 0304 for outputting 
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either of the pn code for the pilot signal assigned to the 
antenna A or the pn code for the pilot signal assigned to 
the antenna B, a de-spectrum-spreading circuit 0303 for 
de-spectrum-spreading the base band signal from the 
frequency converter 0302 with the pn code from the 5 
switch 0304, a prediction circuit 0309 for predicting a 
line condition in accordance with a correlation result 
from the de-spectrum spreading circuit 0303, and a 
RAKE combining circuit 0306 for RAKE-combining cor- 
relation results of the data in accordance with the pre- 1C 
dieted line condition, a synchronous detection circuit 

0307 for effecting the synchronous detection to an out- 
put of the RAKE combining circuit 0306, and a decoder 

0308 for decoding an output of the synchronous detec- 
tion circuit 0307 and outputting a decoded signal, and a 15 
switch control circuit 0310 for generating a switching 
control signal supplied to the switch 0304 in accordance 
with the decoded signal. 

An operation of the mobile unit communication 
apparatus 0004a will be described. 20 

The antenna 0301 receives the radio wave signal 
generated and transmitted from the base station 0001a 
as mentioned above. The frequency converter 0302 fre- 
quency-converts the received radio wave signal into the 
base band signal. The de-spectrum-spreading circuit 25 
0305 de-spectrum-spreads the base band signal from 
the frequency converter 0302 with the pn code assigned 
to the mobile unit communication apparatus 0004a. The 
switch 0304 outputs either of the pn code for the pilot 
signal assigned to the antenna A or the pn code for the 3c 
pilot signal assigned to the antenna B. The de-spec- 
trum-spreading circuit 0303 de-spectrum-spreads the 
base band signal from the frequency converter 0302 
with the pn code from the switch 0304. The RAKE com- 
bining circuit 0306 predicts the line condition in accord- 35 
ance with the correlation result of the pilot signal from 
the de-spectrum-spreading circuit 0303 and RAKE- 
combines correlation results of the data from the de- 
spectrum-spreading circuit 0305 in accordance with the 
predicted line condition. The switch control circuit 0310 40 
generates the switching control signal supplied to the 
switch 0304 in accordance with the predicted line condi- 
tion. 

The synchronous detection circuit 0307 effects the 
synchronous detection to the output of the RAKE com- 45 
bining circuit 0306. The decoder 0308 decodes the out- 
put of the synchronous detection circuit 0307 and 
outputs the decoded signal. The switch control circuit 
0310 selects one of the pn codes corresponding to the 
antenna A and the antenna B in accordance with the so 
line condition, that is, the decoded signal. In other 
words, when the base station 0001a transmits the data 
to this mobile unit communication apparatus 0004a 
through the antenna A, this mobile unit communication 
apparatus 0004a supplies the pn code corresponding to 55 
the pn code assigned to the antenna A to the de- 
spreading circuit 0303. 



(SECOND EMBODIMENT) 

A communication method of a second embodiment 
will be described. 

Rg. 5A is an illustration of a format of a time slot of 
the pilot channel of the second embodiment. Fig. 5B is 
an illustration of a format of a time slot of the data chan- 
nel of the second embodiment. 

In this method, the pilot symbols are transmitted for 
only several symbol periods 0401 from the start of the 
time slot of the pilot channel and several symbol periods 

0402 just before the end of the time slot of the pilot 
channel as shown in Fig. 5A. For the intermediate 
period 0403. null data is transmitted in the pilot channel. 
On the other hand, in the data channel, the data sym- 
bols are transmitted for only the intermediate symbol 
period 0503 corresponding to the intermediate period 

0403 and null data is transmitted for several symbol 
periods 0501 from the start of the time slot of the data 
channel and several symbol periods 0502 between the 
intermediate symbol period 0503 and the end of the 
time slot of the data channel. Therefore, the pilot sym- 
bols and the data symbols do not overlapped with each 
other, so that interference components to the pilot signal 
can be reduced and it is possible to increase a transmis- 
sion power of the pilot signal to be readily received by 
the mobile unit communication apparatus 0004b and 
0005 to 0008. Increase in the transmission power of the 
pilot signal makes the prediction of the reference phase 
and the delayed profile surer. From each of the anten- 
nas A and B the pilot signals spectrum-spread by 
respective pn codes are transmitted. Therefore, the 
number of the multiplexed pilot signals corresponds to 
that of the antennas A and B provided to the base sta- 
tion 0001b. 

Rg. 5C is an illustration of a modified format of a 
time slot of the pilot channel of the second embodiment. 
In this case, data symbols are transmitted for the inter- 
mediate symbol period 0403 in the pilot channel. The 
data transmitted for the intermediate symbol periods 
0403 in the pilot channel is used for the error correction 
or communication controlling. 

Rg. 6 is an illustration of the second embodiment 
showing another modified format of a time slot of the 
pilot channel. In this format, the pilot signal is intermit- 
tently transmitted every several symbol periods. That is, 
the pilot signal is transmitted for periods 0601, 0602, 
0603, 0604, 0605, 0606, and 0607 in the pilot channel 
and null data is transmitted for periods 0608, 0609, 
0610, 061 1, 0612, and 0613. 

In the communication method of the second 
embodiment, the pilot signal and data are transmitted at 
predetermined periods in time slots in the pilot channel 
and the data channel respectively. 

Fig. 7 is a block diagram of a base station 000 1b of 
the second embodiment. 

The base station 0001b of the second embodiment 
has substantially the same structure as that of the first 



9 



0635PRPA? I > 



17 



EP 0 836 288 A2 



18 



embodiment. The difference is that switching circuits 
0719 to 0722 are further provided. 

The data to be transmitted from the antenna A from 
the switches 0207 to 0209 are supplied to the multi- 
plexer 0213 through a switching circuit 0719 for the 
intermediate period 0503 in the time slot of the data 
channel and null data is supplied to the multiplexer 0213 
for the several symbol periods 0501 from the start of the 
time slot of the data channel and for the several symbol 
periods 0502 Just before the end of the time slot as 
shown in Fig. 5B. On the other hand, the pilot signal 
spectrum-spread with the pn code assigned to the 
antenna B is supplied to the multiplexer 0213 through a 
switching circuit 0712 only for the several symbol peri- 
ods 0401 from the start of the time slot of the data chan- 
nel and only for the several symbol periods 0402 just 
before the end of the time slot as shown in Fig. 5A. For 
the intermediate period 0403. the pilot signal is not sup- 
plied to the multiplexer 0213. 

Similarly, the data to be transmitted from the 
antenna B from the switches 0207 to 0209 are supplied 
to the multiplexer 0214 through a switching circuit 0720 
for the intermediate period 0503 in the time slot of the 
data channel and null data is supplied to the multiplexer 
021 4 for the several symbol periods 0501 from the start 
of the time slot of the data channel and tor the several 
symbol periods 0502 just before the end of the time slot 
as shown in Fig. 5B. On the other hand, the pilot signal 
spectrum-spread with the pn code assigned to the 
antenna B is supplied to the multiplexer 0214 through 
the switching circuit 0722 only for the several symbol 
periods 0401 from the start of the time slot of the pilot 
channel and only for the several symbol periods 0402 
just before the end of the time slot as shown in Fig. 5A. 
For the intermecBate period 0403, the pilot signal is not 
supplied to the multiplexer 0214. 

The switch circuits 0719 to 0722 may also transmit 
data and the pilot signal as shown in the format in Fig. 6. 

Fig. 8 is a block diagram of a mobile unit communi- 
cation apparatus 0004b of the second embodiment. 

The mobile unit communication apparatus 0004b of 
the second embodiment has substantially the same 
structure as that of the first embodiment. The difference 
is that a memory 0801 is further provided. 

The memory 0801 stores the correlation result 
detected by the de-spectrum-spreading circuit 0305 and 
supplies the stored correlation results to the RAKE com- 
bining circuit 0806. 

(THIRD EMBODIMENT) 

Fig. 9 is an illustration of a third embodiment show- 
ing a communication system. A base station 0001c hav- 
ing antennas A and B communicates with a mobile unit 
communication apparatus 0004c. The antennas A and 
B are used for upward and downward communications. 

The base station 0001c transmits the pilot signal 
PCH-1 from the antenna A and transmits the pilot signal 



PCH-2 from the antenna B. These pilot signals are 
spectrum-spread by respective pn codes assigned to 
respective antennas A and B. The data from the base 
station 0001c to respective mobile unit communication 
5 apparatus are transmitted through one of the antennas 
A and B showing a better line condition with data spec- 
trum-spread with the pn code assigned to the mobile 
unit communication apparatus 0004c. wherein the 
spectrum-spread pilot signals are transmitted from both 
w antennas A and B at first. Alternately, the pilot signals 
are transmitted by both antennas A and B alternately. 

On the other hand, the mobile unit communication 
apparatus 0004a receives both spectrum-spread pilot 
signals transmitted from the antenna A and the antenna 
15 B through the downward lines successively, detects 
which one of the lines (antenna A or B) is in better line 
condition, and generates a command indicating the 
antenna to be used and transmits the command to the 
base station 0001c through the upward line. Then, the 
20 base station 0001 c transmits the data to the mobile unit 
communication apparatus 0004c through the antenna 
indicated by the command, showing a better line condi- 
tion from the next slot or next frame. Therefore, the 
switching between the antennas A and B can be pro- 
25 vided in response to a suddenly change in the line con- 
dition. Then, the mobile unit communication apparatus 
0004c can always receive the pilot signal PCH-1 or 
PCH-2 in a better line condition. 

As mentioned, the mobile unit communication 
30 apparatus 0004c determines which one of the antennas 
A and B to be used and transmits the command indicat- 
ing which one of the antennas A and B is to be used to 
the base station 0001c through the upward line. 
Because the command is transmitted through the 
35 upward line, a transmission efficiency is not decreased 
by this. In general transmission and receiving diversity 
systems, the transmission diversity shows a less diver- 
sity effect than the receiving diversity, so that the capac- 
ity of subscribers is limited by the downward lines. 
40 Therefore, it is desired that the command or control data 
is transmitted through the upward line rather than the 
downward line. That is, in this embodiment, the com- 
mand indicative of which one of the antennas A and B is 
to be used is transmitted through the upward line, so 
45 that an amount of data in the downward line does not 
increase. Therefore, a transmission quality of the down- 
ward line does not decrease. 

Fig. 10 is a block diagram of the mobile unit com- 
munication apparatus 0004c of the third embodiment 
so The mobile unit communication apparatus 0004c of 
the third embodiment has substantially the same struc- 
ture as that of the first embodiment. The difference is 
that a spectrum-spreading circuit 1010 for spectrum- 
spreading the data to be transmitted to the base station 
55 and adding, to the transmission data, the switching con- 
trol signal indicating which one of the antennas A and B 
is to be used. A transmission circuit 1011 and a 
duplexer 1012 are inherent to the mobile unit communi- 
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cation apparatus. 

The mobile unit communication apparatus 0004c of 
the third embodiment transmits the switching control 
signal indicating which one of the antennas is to be 
used to the base station 0001 c. s 

Fig. 1 1 is a block diagram of the base station 0001c 
of the third embodiment. 

The base station 0001c of the third embodiment 
has substantially the same structure as that of the first 
embodiment. The difference is that a line control circuit to 
1 1 20 operates the selection circuit 021 0 to select one of 
the antennas A and B in response to the received 
switching control signal from the mobile unit communi- 
cation apparatus 0004c of the third embodiment. The 
line control circuit 1 120 transmits the pilot signal from 75 
both antennas A and B at first to enable the mobile unit 
communication apparatus 0004c to determine which 
one of the antennas A and B is to be used as mentioned 
above. 



(FOURTH EMBODIMENT) 



20 



Figs. 12A to 12C are illustrations of a fourth embod- 
iment showing slot formats transmitted from a base sta- 
tion. 25 

In this embodiment, it is assumed that there are two 
antennas A and Bin the base station 000 id. The base 
station 000 id transmits the pilot signals from the 
antenna A and the antenna B spectrum-spread by 
respective pn codes to have the slot 1001 as shown in 30 
Fig. 12A. The transmitted data from the antenna A has 
a slot format as shown in Fig. 1 2B. The transmitted data 
from the antenna B has a slot format as shown in Fig. 
12C. 

The slot format of the data channel of the antenna 35 
A has a null data portion 1002 at the top of the slot, a 
data symbol 1004 at an intermediate portion, a second 
null data portion 1 003 just before the end of the slot, and 
a second data portion 1 005 at the end of the slot. On the 
other hand, the slot format of the data channel of the 40 
antenna B has a data symbol portion 1 008 at the top of 
the slot, a null data portion 1006 just after the data sym- 
bol portion 1008. a data symbol 1009 at an intermediate 
portion, a null data portion 1007 at the end of the slot. 

Then, a mobile unit communication apparatus 45 
0004d can detects which one of the antennas A and B 
transmits the data from the position of the null data. 

Fig. 13 is a block diagram of a base station 000 1d 
of the fourth embodiment. The base station 0001 d of 
the fourth embodiment has substantially the same so 
structure as that of the first embodiment. The difference 
is that a null data generator 1210 for generating the null 
data, a memory 1212 for temporally storing data from 
the switch 0207 to 0209, a switch 1211 for supplying 
either of the null data or the data from the memory 1212 ss 
are further provided to generate the slot format shown in 
Fig. 12B for the line of the antenna A and a null data 
generator 1213 for generating the null data, a memory 



1214 for temporally storing data from the switch 0207 to 
0209, a switch 1215 for supplying either of the null data 
from the null data generator 1213 or the data from the 
memory 1214 are further provided to generate the slot 
format shown in Fig. 12C for the line of the antenna B. 

The base station 0001d detects the line conditions 
of the antenna A and antenna B with the target mobile 
unit communication apparatus 0004d and selects one of 
the antennas A and B showing a better communication 
condition. Then, the base station 000 1d transmits data 
with the slot format corresponding to the selected 
antenna, that is, the slot format shown in Fig. 12B by 
controlling the memory 1212 and the switch 121 1 if the 
antenna A is used and the slot format shown in Fig. 12C 
by controlling the memory 1214 and the switch 1215 if 
the antenna B is used. 

Fig. 14 is a block diagram of a mobile unit commu- 
nication apparatus 0004d of the fourth embodiment. 
The mobile unit communication apparatus 0004d of the 
fourth embodiment has substantially the same structure 
as that of the first embodiment. The difference is that 
null data detector 1420 is further provided. The data 
detector 1420 detects the null data and the position of 
the null data in the time slot and generates a switching 
control signal supplied to the switch 0304 to select the 
pn code corresponding to the pn code for the antenna 
used. That is, if the null data is detected at the start of 
the slot for several symbol periods, it is judged that the 
data of the slot is transmitted from the antenna A. Then, 
one of the pn codes PCH-1 and PCH-2 supplied to the 
switch 0304 is selected instantaneously and then, the 
data symbols 1004 is correctly received using the 
selected pn code for spectrum-spreading the pilot signal 
transmitted. The null data can be detected without the 
RAKE-combing by the RAKE combining circuit 0306, 
the synchronous detection by the synchronous detector 
0307, and the decoding by the decoder 0308. 

If the null data is detected at the portion just after 
the start of the slot, it is judged that the data of the slot 
is transmitted from the antenna B and the data is 
received similarly. 

The position of the null data can be detected for 
only several symbol period. However, if there is phasing, 
the beginning portion of the slot may not be received. 
Then, the position of the null data is also detected at the 
end of the slot. Therefore, it is possible to omit the null 
data at the end of the time slot. 

Figs. 15A to 15C are another time slot formats of 
the fourth embodiment. In this case, the transmitted 
data from the antenna A has the time slot shown in Fig. 
15B and the transmitted data from the antenna B has 
the time slot shown in Fig. 15C. 

In this case, the mobile unit communication appara- 
tus similarly detects the null data and the position of the 
null data in the time slot by the data detector 1420 and 
generates the switching control signal supplied to the 
switch 0304 to select the pn code corresponding to the 
pn code for the antenna used in the base station. More- 
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over, the dummy data 1 105, 1 106.1 1 1 12, and 1 1 1 1 are 
transmitted with a transmission power less than that of 
the null data and the transmission data to such an 
extent that the dummy data can be distinguished from 
the null data. This suppresses interference to the pilot 
signal and the dummy data and this provides distinct 
between the antennas A or B used in the base station. 
Further, controlling a phase of the dummy data makes 
an accuracy of determining either of the antenna A or B 
more accurately. 

The switching between the antennas A and B is 
performed instantaneously in response to the detected 
line condition in the base station and detecting which 
one of the antennas A and B is used is performed every 
slot, so that the lines between the base station and the 
mobile unit communication apparatus via either of the 
antenna A or B are switched instantaneously. That is, 
the information indicating which one of the antenna A 
and B is used for the target mobile unit communication 
apparatus is transmitted through the downward line, a 
delay in selecting which one of the pn codes corre- 
sponding to the antenna A and B can be reduced. 

(FIFTH EMBODIMENT) 

A communication method of a fifth embodiment will 
be described. 

Figs. 16A and 16B are illustration of slot formats of 
the pilot signal and data signal of the f ifth embodiment. 

In this embodiment, it is assumed that there are two 
antennas in the base station 0001 e. 

The time slot of the pilot signal includes a null data 
portion 1 201 at a top portion of the time slot and a pilot 
symbol portion 1202 following the null data portion 
1201 . The time slot of the data signal includes a dummy 
data portion 1203, a data symbol portion 1204 for trans- 
mitting data symbol for delayed detection, a null data 
portion 1 206 for transmitting no data, a data symbol por- 
tion 1205 for transmitting data symbol which can be 
detected by the synchronous detection, the null portions 
1201 and 1206 are not always necessary. The pilot sig- 
nal is not transmitted at the null data portion 1201 to 
reduce interference to the data symbols 1204 for 
delayed detection 

Fig. 17 is a block diagram of a base station 000 1e 
of the fifth embodiment. 

The base station 0001 e of the fourth embodiment 
has substantially the same structure as that of the first 
embodiment. The difference is that a differential coding 
circuit 1320 for generating differentially coded data indi- 
cating which antenna is used for the line between the 
base station 0001 e and the target mobile unit communi- 
cation apparatus 0004e in response to the output of the 
selector 0210 which also control the switch 0207, a 
dummy data generator 1321 for generating dummy data 
for generating dummy data used for decoding the differ- 
entially coded data in the target mobile unit communica- 
tion apparatus, and switch 1319 for generating the slot 



format shown in Fig. 16B for a first channel are further 
provided. Moreover, for the second channel, a differen- 
tial coding circuit 1323. a dummy data generator 1324, 
and a switch 1322 and for a third channel, a differential 
5 coding circuit 1 326, a dummy data generator 1327, and 
a switch 1325 are further provided. Further, switches 
1328 and 1329 are provided to generate the null data 
portion 1201 shown in Fig. 16A. 

The line condition prediction circuit 0219 predicts 
w the line conditions between the antenna A and the 
mobile unit communication apparatus 0004e and 0005 
to 0008 and between the antenna B and the mobile unit 
communication apparatus 0004e and 0005 to 0008 and 
selects one of the antennas A or B every line or chan- 
15 nel. The switch 0207 selects one of the antenna A or B 
in response to the selection circuit 0210. The selection 
is made every time slot or every several time slots. Sim- 
ilarly, each of the switches 0208 and 0209 selects one of 
the antenna A or B in response to the selection circuit 
20 0210. The selection is made every time slot or every 
several time slots also. 

The output of the selector 0210 are also supplied to 
the differential coding circuit 1302. When the line condi- 
tion prediction circuit 219 selects the line between the 
25 base station 0001 e and the target mobile unit communi- 
cation apparatus 0004e through the antenna A, the dif- 
ferential coding circuit 1320 generates differentially 
coded data indicating that the antenna A is used for the 
line between the base station 000 le and the target 
30 mobile unit communication apparatus 0004e in 
response to the output of the selector 021 0. The dummy 
data generator 1321 generates the dummy data used 
for decoding the differentially coded data in the target 
mobile unit communication apparatus 0004e. The 
35 switch 1319 produces the slot format shown in Fig. 1 6B 
using the differentially coded data from the differential 
coding circuit 1320 and the dummy data from the 
dummy data generator 1321, and the output of the 
coder 0201 . 

40 In the second and third channels, the differentially 
coded data indicating which one of the antennas A and 
B is used are transmitted similarly. 

Fig. 18 is a block diagram of a mobile unit commu- 
nication apparatus 0004e of the f ifth embodiment. The 

45 mobile unit communication apparatus 0004e of the fifth 
embodiment has substantially the same structure as 
that of the first embodiment. The difference is that a 
delayed detection circuit 1411 are further provided. 
The delayed detection circuit 1411 detects the dif- 

50 ferentially coded data indicative of the used antenna 
from the output of the RAKE combining circuit 0306. 
More specifically, the delayed detection circuit 1411 
detects a clock component from the received dummy 
data transmitted just before the received differential 

55 coded data. That is, the delayed detecting the differen- 
tially coded data can be detected without the synchro- 
nous detection, that is, it does not require the result from 
the prediction circuit 0309. Then, the delayed detection 
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circuit 1411 detects the data indicative of the used 
antenna and operates the switch 0304 to select the pn 
code corresponding to the used antenna. Then, the pre- 
diction circuit 0309 supplies the prediction result from 
the received pilot symbol to the RAKE combining circuit 
0306. The RAKE combining circuit 0306 receives the 
data symbols 1205 in accordance with the prediction 
result from the prediction circuit 0309 and then, the data 
symbols 1205 are synchronously detected using the 
prediction result of the pilot signal. The decoder 0308 
outputs the decoded output. 

<SIXTH EMBODIMENT) 

A communication method, a base station, and a 
mobile unit communication apparatus of a six embodi- 
ment will be described. 

In this embodiment, it is assumed that the base sta- 
tion 000 1f transmits the pilot signal PCH-1 from the 
antenna A and the pilot signal PCH-2 from the antenna 
B which are spectrum-spread with pn codes assigned to 
respective antennas A and B. The base station 0001f 
transmits the data and error coded data to the target 
mobile unit communication apparatus 0004f by the 
selected antenna showing a better line condition. The 
transmitted data is received by the target mobile unit 
communication apparatus 0004f and is de-spectrum- 
spread with the pn code assigned to the target mobile 
unit communication apparatus 0004f and errors are 
detected using the received error coded data. 

Fig. 19 is a block diagram of a base station of the 
sixth embodiment. 

The base station 0001 f of the fifth embodiment has 
substantially the same structure as that of the first 
embodiment. The difference is that error check coders 
1619 to 1621 are further provided. 

The error check coder 1619 generates error check 
codes from the coded data from the coder 0201 and 
adds the error check code to the coded data and sup- 
plies the coded data with the error check codes to the 
spectrum-spreading circuit 0204. The error check cod- 
ers 1620 and 1621 similarly generate error check codes 
from the coded data from the coders 0202 and 0203 
and adds the error check code to the coded data and 
supply the coded data with the error check code to the 
spectrum-spreading circuits 0205 and 0206 respec- 
tively. 

The base station 000 If predicts a line condition 
from the received signal from the mobile unit communi- 
cation apparatus 0004f and selects one of the antenna 
A or the antenna B showing a better line condition 
between the base station 0001 f and the mobile unit 
communication apparatus 0004f. Similarly, the base 
station 0001 f selects one of the antennas A and B every 
mobile unit communication apparatus 0005 to 0008. 
The base station OOOlf determines the selection of the 
antennas for every mobile unit communication appara- 
tus 0004f and 0005 to 0008 every time slot or every sev- 



eral time slots. 

Fig. 20 is a block diagram of a mobile unit commu- 
nication apparatus of the sixth embodiment. The mobile 
unit communication has a structure similar to that of the 
5 first embodiment. The mobile unit communication appa- 
ratus 0004f of the sixth embodiment comprises the 
antenna 0301 for receiving the radio wave signal trans- 
mitted from the base station OOOlf, the frequency con- 
verter 0302 for frequency-converting the received radio 
io wave signal into the base band signal, the de-spectrum- 
spreading circuit 0305 for de-spectrum-spreading the 
base band signal from the frequency converter 0302 
with the pn code assigned to the mobile unit communi- 
cation apparatus, a memory 1710 for storing the corre- 
75 lation result from the de-spectrum- spreading circuit 
0305, a de-spectrum-spreading circuit 1703 for de- 
spectrum -spreading the base band signal from the fre- 
quency converter 0302 with the pn code PCH-1 corre- 
sponding to the pn code used for the antenna A, a 
20 memory 1 713 for storing the correlation result of the de- 
spectrum-spreading circuit 1703, a de-spectrum- 
spreading circuit 1712 for de-spectrum-spreading the 
base band signal from the frequency converter 0302 
with the pn code PCH-2 corresponding to the pn code 
25 used for the antenna B, a memory 1714 for storing the 
correlation result of the de-spectrum-spreading circuit 
1712, a switch 1704 outputting the correlation result of 
the de-spreading circuit 1703 or the de-spectrum- 
spreading circuit 1712 from the memory 1713 or the 
30 1714, the prediction circuit 0309 for predicting a line 
condition in accordance with a correlation result from 
the switch 1 704, and the RAKE combining circuit 0306 
for RAKE-combining correlation results from the mem- 
ory 1710 in accordance with the predicted line condi- 
35 tion, the synchronous detection circuit 1 707 for effecting 
synchronous detection to an output of the RAKE com- 
bining circuit 1706, an error correction circuit 1711 for 
detecting «rror from the received error check codes and 
outputting error corrected data and an error detection 
40 result, a memory 1716, the decoder 1708 for decoding 
the error corrected data via the memory 1716 and out- 
putting a decoded signal, and a control circuit 1715 for 
controlling the memory 1710, the RAKE combining cir- 
cuit 1 706, the memory 1 716, the synchronous detection 
45 circuit 1 707, and the decoder 1 708. 

An operation of the mobile unit communication 
apparatus of the sixth embodiment will be described. 

Fig. 21 depicts a flow chart of the control circuit of 
the sixth embodiment. 
so The antenna 0301 receives the radio wave signal 
transmitted from the base station 0001f. The frequency 
converter 0302 frequency-converts the received radio 
wave signal into the base band signal. The de-spec- 
trum-spreading circuit 0305 for de-spectrum-spreading 
55 the base band signal from the frequency converter 0302 
with the pn code assigned to the mobile unit communi- 
cation apparatus. 

The de-spectrum-spreading circuit 1703 de-spec- 
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trum-spreads the base band signal from the frequency 
converter 0302 with the pn code PCH-1 corresponding 
to the pn code used for the antenna A. The memory 

1713 stores the correlation result of the de-spectrum- 
spreading circuit 1703 

The de-spectrum-spreading circuit 1712 de-spec- 
trum-spreads the base band signal from the frequency 
converter 0302 with the pn code PCH-2 corresponding 
to the pn code used for the antenna B. The memory 

1714 stores the correlation result of the de-spectrum- 
spreading circuit 1712. The prediction circuit 0309 pre- 
dicts a line condition in accordance with the correlation 
result from the switch 1704. 

The control circuit 1 71 5 operates the switch 1 704 to 
select one of the output of the memories 1713 and 
1714, i.e., the output of the memory 1713 at first in step 
stl. In the following step st2, the control circuit 1715 
operates the memory 1710 to store the correlation 
result from the de-spectrum-spreading circuit 0305. 
Then, the control circuit 1715 reads the correlation 
result from the memory 1710 to supply the correlation 
result to the RAKE combining circuit 1706 and operates 
the RAKE combing circuit 1706, the synchronous detec- 
tion circuit 1 707, and the decoder 1 708 in step st3. 

Then, the RAKE combining circuit 0306 RAKE- 
combines correlation results from the memory 1710 in 
accordance with the line condition predicts in accord- 
ance with the pn code for the antenna A of the base sta- 
tion. The synchronous detection circuit 1707 effects 
synchronous detection to the output of the RAKE com- 
bining circuit 1706. The error correction circuit 1711 
error-corrects the data and detects errors from the 
received error check codes and supplies the error 
detection result to the switch control circuit 1715. 

The control circuit 1715 stores the error-corrected 
data in the memory 1 71 6 in step st7. 

In the following step st4, the control circuit 1715 
judges whether the data is corrected sufficiently, that is, 
the data is corrected to a predetermined extent. If the 
data is corrected sufficiently, the control circuit 1715 
operates the memory 1716 to supply the error-cor- 
rected data to the decoder 1708 in step st6. Then, the 
decoder 1708 decodes the error-corrected data and 
stores the decoded result Then, processing returns to 
step st2 to continue the receiving operation. 

In step st4, if the data is not sufficiently corrected, 
the control circuit 1715 generates the switch control sig- 
nal to change over the switch 1704 to supply another 
output of the memory 1714 to the prediction circuit 
0309. 

Then, the prediction circuit 0309 predicts the line 
condition with the pn code corresponding to the antenna 
B and supplies the predicted line condition to the RAKE 
combining circuit 1706. Then, processing returns to 
step st3. In step st3, the control circuit 1715 reads the 
correlation result from the memory 1 710 again to supply 
the same correlation result to the RAKE combining cir- 
cuit 1706 and operates the RAKE combining circuit 



1706. the synchronous detection circuit 1707, the error 
correction circuit 1711, and the memory 1716. 

Then, the RAKE combining circuit 0306 RAKE- 
combines correlation results from the memory 1710 in 

5 accordance with the line condition predicts in accord- 
ance with the pn code for the antenna B of the base sta- 
tion 000 1f. The synchronous detection circuit 1707 
effects synchronous detection to the output of the RAKE 
combining circuit 1 706. 

w In the following step st4, the control circuit 1715 

judges whether the data is sufficiently corrected again. 
\f there is no error, which means that the antenna B is 
used, the control circuit 1715 operates the decoder 
1 708 and output the decoded signal. 

15 

(SEVENTH EMBODIMENT) 

A communication method, a base station, and a 
mobile unit communication apparatus of a seventh 

20 embodiment will be described. 

In this embodiment, it is assumed that the base sta- 
tion transmits the pilot signal PCH-1 from the antenna A 
and the pilot signal PCH-2 from the antenna B which are 
spectrum-spread with pn codes assigned to respective 

25 antennas A and B. The base station 000 1g transmits 
the data and error coded data to the target mobile unit 
communication apparatus 0004g by the selected 
antenna showing a better line condition. The transmit- 
ted data is received by the target mobile unit communi- 

30 cation apparatus 0004g and is de-spectrum-spread with 
the pn code assigned to the target mobile unit commu- 
nication apparatus 0004g and errors are detected using 
the received error coded data. 

Fig. 22 is a block diagram of a base station 0001 g 

35 of the seventh embodiment. 

The base station 0001 g of the seventh embodiment 
has substantially the same structure as that of the sixth 
embodiment. The difference is that error correction cod- 
ers 1 91 9 to 1 92 1 replace the error check coders 1 61 9 to 

40 1621. 

The error correction coder 1919 generates error 
correction codes from the coded data from the coder 
0201 and adds the error correction code to the coded 
data and supplies the coded data with the error correc- 
ts tion code to the spectrum-spreading circuit 0204. The 
error correction coders 1920 and 1921 similarly gener- 
ate error correction codes from the coded data from the 
coders 0202 and 0203 and add the error correction 
code to the coded data and supply the coded data with 
so the error correction code to the spectrum-spreading cir- 
cuits 0205 and 0206 respectively. 

The base station 0001 g predicts a line condition 
from the received signal from the mobile unit communi- 
cation apparatus 0004 and selects one of the antenna A 
55 and the antenna B showing a better line condition 
between the base station 000 1g and the mobile unit 
communication apparatus 0004g. Similarly, the base 
station 000 1g selects one of the antennas A and B 
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every mobile unit communication apparatus 0005 to 
0008. The base station 0001g determines the selection 
of the antennas for every mobile unit communication 
apparatus 0004g to 0008 every time slot or every sev- 
eral time slots. 5 

Fig. 23 is a block diagram of a mobile unit commu- 
nication apparatus 0004g of the seventh embodiment. 
The mobile unit communication apparatus 0004g of the 
seventh embodiment comprises the antenna 0301 for 
receiving the radio wave signal transmitted from the u 
base station 0001 g, the frequency converter 0302 for 
frequency-converting the received radio wave signal 
into the base band signal, the de-spectrum-spreading 
circuit 2005 for de- spectrum-spreading the base band 
signal from the frequency converter 0302 with the pn n 
code assigned to the mobile unit communication appa- 
ratus 0001g, a memory 2010 for storing the correlation 
result from the de-spectrum-spreading circuit 2005, a 
de-spectrum-spreading circuit 2003 for de-spectrum- 
spreading the base band signal from the frequency con- 20 
verter 0302 with the pn code PCH-1 corresponding to 
the pn code used for the antenna A, a prediction circuit 
2009 for predicting a line condition between the base 
station 0001 g and this mobile unit communication appa- 
ratus 0004g with respect to the pn code PCH-1 in 25 
accordance with a correlation result from de-spectrum 
spreading circuit 2003, a de-spectrum-spreading circuit 
2012 for de-spectrum-spreading the base band signal 
from the frequency converter 0302 with the pn code 
PCH-2 corresponding to the pn code used for the 30 
antenna B, a prediction circuit 201 1 for predicting a line 
condition between the base station 0001g and this 
mobile unit communication apparatus 0004g with 
respect to the pn code PCH-2 in accordance with a cor- 
relation result from de-spectrum spreading circuit 2012, 35 
a RAKE combining circuit 2006 for RAKE-combining 
correlation results from the memory 201 0 in accordance 
with the predicted line condition from the prediction cir- 
cuit 2009, a synchronous detection circuit 2007 for 
effecting synchronous detection to an output of the 40 
RAKE combining circuit 2006, an error correction circuit 
2015 for error-correcting an output of the synchronous 
detection circuit 2007 and generating a syndrome, a 
memory 2017 for storing the error corrected data, a 
RAKE combining circuit 2013 for RAKE-combining cor- as 
relation results from the memory 2010 in accordance 
with the predicted line condition from the prediction cir- 
cuit 2011, a synchronous detection circuit 2014 for 
effecting synchronous detection to an output of the 
RAKE combining circuit 2013, the error correction cir- so 
curt 2018 for error-correcting an output of the synchro- 
nous detection circuit 2014 and generating a syndrome, 
a switch 2020, a memory 2019 for storing the error cor- 
rected data, a control circuit for judging which one of 
syndrome showing a best line condition and controlling ss 
the switch 2020 to output the error corrected data show- 
ing the syndrome representing a best line condition. 
An operation of the mobile unit communication 



apparatus of the seventh embodiment will be described. 

The antenna 0301 receives the radio wave signal 
transmitted from the base station 0001. The frequency 
converter 0302 frequency=converts the received radio 
wave signal into the base band signal. The de-spec- 
trum-spreading circuit 2005 de- spectrum -spreads the 
base band signal from the frequency converter 0302 
with the pn code assigned to the mobile unit communi- 
cation apparatus. The memory 2010 stores the correla- 
tion result from the de-spectrum-spreading circuit 2005. 

The de-spectrum-spreading circuit 2003 de-spec- 
trum-spreads the base band signal from the frequency 
converter 0302 with the pn code PCH-1 corresponding 
to the pn code used for the antenna A. The prediction 
circuit 2009 predicts a line condition between the base 
station and this mobile unit communication apparatus 
with respect to the pn code PCH-1 in accordance with a 
correlation result from de-spectrum spreading circuit 
2003. The RAKE combining circuit 2006 RAKE-com- 
bines the correlation results from the memory 2010 in 
accordance with the predicted line condition from the 
prediction circuit 2009. The synchronous detection cir- 
cuit 2007 effects synchronous detection to an output of 
the RAKE combining circuit 2006. The error correction 
circuit 2015 error-corrects the output of the synchro- 
nous detection circuit 2007 and generates the syn- 
drome. The memory 2017 stores the error corrected 
data, The RAKE combining circuit 2013 RAKE-com- 
bines the correlation results from the memory 2010 in 
accordance with the predicted line condition from the 
prediction circuit 201 1 . The synchronous detection cir- 
cuit 2014 effects synchronous detection to an output of 
the RAKE combining circuit 2013. The error correction 
circuit 2018 error-corrects the output of the synchro- 
nous detection circuit 2014 and generates the syn- 
drome. The memory 2019 temporary stores the error 
corrected data. The control circuit 2016 judges which 
one of syndrome showing the best line condition and 
controls the switch 2020 to output the error corrected 
data showing the syndrome representing a best line 
condition. 

Fig. 24 is a table of the seventh embodiment. 

The error correction circuits 2015 and 2018 respec- 
tively generate N sets of the syndromes and probabili- 
ties with respect to the pn codes PCH-1 and PCH-2 
from the error correction results. The control circuit 
2016 judges which one of the antennas A and B trans- 
mits the radio wave signal to this mobile unit communi- 
cation apparatus from the N sets of the syndromes and 
probabilities. That is, in the syndrome s4, the probability 
is 100, so that the error correction decoding circuit pre- 
dicts that the antenna A transmits the radio wave from 
the base station. 

< EIGHTH EMBODIMENT) 

A method of communication, a base station, and a 
mobile unit communication apparatus of an eighth 
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embodiment will be described. 

Fig. 25 is a time chart of forward and backward 
(downward and upward) communication of the eighth 
embodiment. 

In this embodiment, downward transmitting and s 
upward transmitting is performed in the TDD (time divi- 
sion duplex) method and on the downward (forward) 
lines, the pilot signal is spectrum-spread every antenna 
and transmitted multiplexed with the transmission data 
as similar to earlier embodiments. On the other hand, 10 
on the upward lines (backward lines), it is difficult to mul- 
tiplex the pilot signal with the transmission data 
because an amount of interference by the pilot signal is 
considerably high. Therefore, in this embodiment, on 
the upward line, the pilot signal and transmission data is 
are transmitted to the base station in a time-division 
method in the upward time slot. Then, the period of the 
upward time slot including the pilot signal transmission 
periods 2501 and 2503 and the data transmission 
period 2504 is longer than the period of the downward 20 
time slot, because the transmission period of the trans- 
mission data tCH of the upward transmission is the 
same as that of the downward transmission. 

Fig. 26 is a block diagram of a mobile unit commu- 
nication apparatus 0004h of the eighth embodiment. 25 
The mobile unit communication apparatus 0004h of the 
eighth embodiment is substantially the same as that of 
the third embodiment. The difference is that a spectrum 
spreading circuit 2610 for spectrum-spreading the pilot 
signal with the pn code assigned to this mobile unit 30 
communication apparatus and a switch 2610 for either 
supplying the spectrum-spread data or the spectrum- 
spread pilot signal are further provided. The spectrum 
spreading circuit 1010 spectrum-spreads the transmis- 
sion data with the pn code assigned to this mobile unit 35 
communication apparatus. The switch 2610 supplies 
either the spectrum-spread data or the spectrum- 
spread pilot signal as shown by the format in Fig. 25. 

Fig. 27 is a block diagram of a base station 0001 h 
of the eighth embodiment. The base station 0001 h of 40 
the eighth errbodiment is substantially the same as that 
of the third embodiment. The receiving units 0217 and 
0218 receive the radio wave signals including the spec- 
trum-spread transmission data and the spectrum- 
spread pilot signals from the antennas A and B respec- 4B 
tively. The line condition prediction circuit 0219 predicts 
the lines via the antennas A and B. The selector 0210 
selects the antennas for transmission by controlling the 
switches 0207 to 0209. 

Fig. 28 is a block diagram of each of receiving cir- sc 
cu'rts included in the receiving units 021 7 and 0218. The 
receiving circuit is substantially the same as the receiv- 
ing circuit of the mobile unit communication apparatus 
0004a of the first embodiment shown in Fig. 4. The dif- 
ference is in that the pn code for de-spectrum-spreading st 
the transmission data, which is assigned to the target 
mobile unit communication apparatus 0004h is used as 
the pn code for de-spectrum-spreading the pilot signal. 



Each of the receiving units 021 7 and 021 8 includes 
a plurality of receiving circuits. The frequency converter 
2802 frequency-converts the received radio wave signal 
into a base band signal. In each of the receiving circuits, 
the de-spectrum-spreading circuit 2805 de-spectrum- 
spreads the base band signal from the frequency con- 
verter 2802 with the pn code assigned to the mobile unit 
communication apparatus. The switch 2804 outputs one 
of pn codes for the pilot signal assigned to the target 
mobile unit communication apparatus. The de-spec- 
trum-spreading circuit 2803 de-spectrum-spreads the 
base band signal from the frequency converter 2802 
with the pn code from the switch 2804. The prediction 
circuit 2809 predicts a line condition in accordance with 
a correlation result from the de-spectrum spreading cir- 
cuit 2803. The RAKE combining circuit 2806 RAKE- 
combines the correlation results of the data in accord- 
ance with the predicted line condition. The synchronous 
detection circuit effects the synchronous detection to an 
output of the RAKE combining circuit 2806. The 
decoder 2808 decodes an output of the synchronous 
detection circuit 2807 and outputs a decoded data. The 
switch control circuit 2809 generates a switching control 
signal supplied to the switch 2804 in accordance with 
the decoded data to select the pn code assigned to the 
target mobile unit communication apparatus for de- 
spreading the received pilot signal. 

In the time slot format shown in Fig. 25, the pilot 
symbols are transmitted twice in one upward time slot. 
However, it is also possible to omit the secondly trans- 
mitted pilot symbol in the same time slot and it is also 
possible to expand the transmission periods of the data 
in the upward and downward transmission periods. Fig. 
29 shows such a modified time slot format of the eighth 
embodiment. The period of the upward time slot includ- 
ing the pilot signal transmission period 2901 and the 
data transmission period 2902. The period of the down- 
ward time slot includes the data transmission period 
2903. The upward time slot includes the data transmis- 
sion period 2904. The data transmission periods 2902 
and 2903 are expanded. 

In the above-mentioned embodiments, it is also 
possible to provide methods of communication between 
the base station and the mobile unit communication 
apparatus by combining the first embodiment with any 
of the second to eighth embodiments, combining the 
second embodiment with any of the third to eight 
embodiments, combining the eighth embodiment with 
any of other embodiments. 

Claims 

1. A method of communication between a base sta- 
tion and at least a mobile unit communication appa- 
ratus through the code division multiple accessing, 
comprising the steps of: 

in said base station, (a) providing a plurality of 
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antennas to said base station for the antenna 
diversity communication; 

(b) spectrum-spreading data to be trans- 
mitted to said mobile unit communication 5 
apparatus with a first pseudonoise code 
assigned to said mobile unit communica- 
tion apparatus; 

(c) spectrum-spreading a pilot signal with 
second pseudonoise codes respectively 10 
assigned to a plurality of said antennas to 
generate spectrum-spread pilot signals, 
said first pseudonoise code being different 
from each of said second pseudonoise 
codes; rs 

(d) multiplexing one of said spectrum- 
spread pilot signals corresponding to one 
of a plurality of said antennas to be used 
with said spectrum-spread data; and 

(e) transmitting said multiplexed spectrum- 20 
spread pilot signal and spectrum-spread 
data as a radio wave signal through said 
one of a plurality of said antennas every 
downward time slot; 

25 

in said mobile unit communication apparatus, 
(f) receiving said radio wave signal; 

(g) supplying one of third pseudonoise 
codes corresponding to said second pseu- 30 
donoise codes; 

(h) de-spectrum-spreading said received 

radio wave signals with said one of third 3. 
pseudonoise codes to output a pilot signal 
correlation result; 35 

(i) de-spectrum-spreading said received 
radio wave signals with a fourth pseudo- 
noise code corresponding to said first 
pseudonoise code to provide data correla- 
tion results; 40 
G) RAKE-combining said data correlation 
results in accordance with said pilot signal 
correlation result to output a RAKE-com- 
bined signal; 

(k) synchronously-detecting said RAKE- 45 
combined signal to output a combined sig- 
nal; and 

(I) controlling supplying said one of said 
third pseudonoise codes in accordance 
with said combined signal. 50 

A base station for communicating with at least a 
mobile unit communication apparatus through the 
code division multiple access comprising: 

55 

first spectrum-spreading means for spectrum- 
spreading data to be transmitted to said mobile 
unit communication apparatus with a first pseu- 



donoise code assigned to said mobile unit 
communication apparatus; 
selection means; and 

a plurality of transmission units respectively 
having a plurality of antennas provided for the 
antenna diversity communication, said selec- 
tion means selecting one of a plurality of said 
antennas in accordance with control data, each 
of a plurality of said transmission units further 
including; 

second spectrum-spreading means for 
spectrum-spreading a pilot signal with a 
second pseudonoise code assigned to the 
selected one of a plurality of said antennas 
to generate a spectrum-spread pilot signal, 
said first pseudonoise code being different 
from said second pseudonoise code, said 
selection means supplying the spectrum- 
spread data to one of said plurality trans- 
mission units in response to said control 
data to select said one of a plurality of said 
antennas; 

multiplexing means for multiplexing said 
spectrum-spread pilot signal with said 
spectrum-spread data, and 
transmitting means for transmitting the 
multiplexed spectrum-spread pilot signal 
and the spectrum-spread data as a radio 
wave signal through the selected one of 
antennas every downward time slot. 

A mobile unit communication apparatus for commu- 
nicating with a base station having a plurality of 
antennas through the code division multiple 
accessing, said base station transmitting a radio 
wave signal by one of a plurality of said antennas, 
said radio wave signal including data multiplexed 
with a pilot signal, said data being spectrum-spread 
with a first pseudonoise code assigned to said 
mobile unit communication apparatus, said pilot 
signal being spectrum-spread with a second pseu- 
donoise code assigned to said one of a plurality of 
said antennas transmitting said radio wave signal, 
said mobile unit communication apparatus compris- 
ing: 

receiving means for receiving said radio wave 
signal; 

switch means for supplying one of third pseu- 
donoise codes corresponding to said second 
pseudonoise code; 

first de-spectrum-spreading means for de- 
spectrum-spreading said received radio wave 
signal with said one of said third pseudonoise 
codes from said switch means to output a pilot 
signal correlation result; 

second de-spectrum -spreading means for de- 
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spectrum-spreading said received radio wave 
signal with a fourth pseudonoise code corre- 
sponding to said second pseudonoise code to 
provide data correlation results; 
RAKE-combining means for RAKE-combining s 
said data correlation results in accordance with 
said pilot signal correlation result to output a 
RAKE -combined signal; 

synchronously-detecting means for synchro- 
nously-detecting said RAKE-combined signal; 10 
and 

controlling means for controlling said switch 
means to supply said one of said third pseudo- 
noise codes in accordance with an output of 
said synchronously-detecting means. 1* 

The method as claimed in claim 1 , wherein said 
pilot signal is spectrum-spread with said first pseu- 
donoise codes only for a predetermined symbol 
period in said downward time slot. 20 

The method as claimed in claim 4, wherein said 
data is spectrum-spread for a predetermined inter- 
val other than said predetermined symbol period in 
said downward time slot. 25 

A base station for communicating with at least a 
mobile unit communication apparatus through the 
code division multiple access comprising: 

30 

first spectrum-spreading means for spectrum- 
spreading data to be transmitted to said mobile 
unit communication apparatus with a first pseu- 
donoise code assigned to said mobile unit 
communication apparatus; 35 
selection means; and 

a plurality of transmission units respectively 
having a plurality of antennas provided for the 
antenna diversity communication, said selec- 
tion means selecting one of said antennas in 40 
accordance with control data, each of a plural- 
ity of said transmission units further including: 

first and second switching means; 
second spectrum-spreading means for as 
spectrum-spreading a pilot signal with a 
second pseudonoise code assigned to the 
selected one of a plurality of said antennas 
to generate a spectrum-spread pilot signal, 
said first pseudonoise code being different so 
from said second pseudonoise code, said 
selection means supplying the spectrum- 
spread data to one of a plurality of said 
transmission units in response to said con- 
trol data to select said one of a plurality of ss 
said antennas; 

multiplexing means for multiplexing the 
spectrum-spread pilot signal with the spec- 



trum-spread data, said first switching 
means supplying said spectrum-spread 
pilot signal to said multiplexing means for a 
predetermined symbol period in a down- 
ward time slot, said second switching 
means supplying said spectrum-spread 
data to said multiplexing means for a 
period other than said predetermined inter- 
val in said downward time slot; and 
transmitting means for transmitting the 
multiplexed spectrum-spread pilot signal 
and the spectrum -spread data as a radio 
wave signal through said antenna every 
said downward time slot. 

7. A mobile unit communication apparatus for commu- 
nicating with a base station having a plurality of 
antennas through the code division multiple 
accessing, said base station transmitting a radio 
wave signal by one of a plurality of said antennas, 
said radio wave signal including data multiplexed 
with a pilot signal, said data being spectrum-spread 
with a first pseudonoise code assigned to said 
mobile unit communication apparatus for a prede- 
termined interval in a downward time slot, said pilot 
signal being spectrum-spread with a second pseu- 
donoise code assigned to said one of a plurality of 
said antennas transmitting said radio wave signal 
for a period other than said predetermined interval 
in said downward time slot, said mobile unit com- 
munication apparatus comprising: 

receiving means for receiving said radio wave 
signal; 

switch means for supplying one of third pseu- 
donoise codes corresponding to said second 
pseudonoise code; 

first de-spectrum-spreading means for de- 
spectrum-spreading said received radio wave 
signal with said one of said third pseudonoise 
codes from said switch means to output a pilot 
signal correlation result; 
second de-spectrum-spreading means for de- 
spectrum-spreading said received radio wave 
signal with a fourth pseudonoise code corre- 
sponding to said first pseudonoise code to pro- 
vide data correlation results; 
storing means for storing said data correlation 
results; 

RAKE-combining means for RAKE-combining 
said data correlation results from said storing 
means in accordance with said pilot signal cor- 
relation result to output a RAKE-combined sig- 
nal; 

synchronously-detecting means for synchro- 
nously-detecting said RAKE-combined signal; 
and 

controlling means for controlling said switch 
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means to supply said one of said third pseudo- 
noise codes in accordance with an output of 
said synchronously-delecting means. 

8. The method as claimed in claim 1 , further compris- 5 
ing the steps of: 

in said mobile unit communication apparatus, 
determining which one of a plurality of said 
antennas is used in accordance with said 10 
received radio wave signals; 
generating a command indicative of which one 
of a plurality of said antennas is used; and 
transmitting said command to said base sta- 
tion; 15 
in said base station, receiving the transmitted 
command, wherein said one of third pseudo- 
noise codes corresponding to said second 
pseudonoise codes being supplied in accord- 
ance with the transmitted command. 20 

9. The method as claimed in claim 1 , further compris- 
ing the steps of: 

in said base station, determining one of a plu- 25 
rality of said antennas to be used; 
providing a null data interval in a data interval 
of said spectrum-spread data in said time slot 
at one of predetermined positions in said 
downward time slot in accordance with said 30 
determined one of a plurality of said antennas; 
and 

in said mobile unit communication apparatus, 
detecting said null data interval and detecting 
said one of predetermined positions from said 35 
radio wave signal, said one of third pseudo- 
noise codes corresponding to said second 
pseudonoise codes being supplied in accord- 
ance with the detected one of predetermined 
positions. 40 

10. The method as claimed in claim 1, further compris- 
ing the steps of: 

in said base station, determining one of a plu- 45 
rality of said antennas to be used; 
differentially-coding information indicative of 
said one of plurality of said antennas to be 
used; 

providing the differentially-coded information in so 
said downward time slot together with said 
spectrum-spread data; 

in said mobile unit communication apparatus, 
detecting said differentially -coded information 
from the received radio wave signal through the 55 
delayed-detection; and 

said one of third pseudonoise codes corre- 
sponding to said second pseudonoise codes 



being supplied in accordance with the detected 
differentially-coded information. 

11. A base station for communicating with at least a 
mobile unit communication apparatus through the 
code division multiple access comprising: 

first spectrum-spreading means for spectrum- 
spreading data to be transmitted to said mobile 
unit communication apparatus with a first pseu- 
donoise code assigned to said mobile unit 
communication apparatus; 
selection means; and 

a plurality of transmission units respectively 
having a plurality of antennas provided for the 
antenna diversity communication, said selec- 
tion means selecting one of said antennas in 
accordance with control data, each of a plural- 
ity of said transmission units further including: 
second spectrum-spreading means for spec- 
trum-spreading a pilot signal with a second 
pseudonoise code assigned to the selected 
antenna to generate a spectrum-spread pilot 
signal, said first pseudonoise code being differ- 
ent from said second pseudonoise code, said 
selection means supplying the spectrum- 
spread data to one of a plurality of said trans- 
mission units in accordance with said control 
data to select said one of a plurality of said 
antennas; 

multiplexing means for multiplexing said spec- 
trum-spread pilot signal with said spectrum- 
spread data, and 

transmitting means for transmitting the multi- 
plexed spectrum-spread pilot signal and the 
spectrum-spread data as a radio wave signal 
through the selected antenna; 
differentially-coding means for differentially- 
coding said control data; and 
time division multiplex means for time-division- 
multiplexing the differentially-coded control 
data with said data in a downward time slot, 
said first spectrum -spread ing means spec- 
trum-spreading the differentially-coded control 
data and said data. 

1 2. A mobile unit communication apparatus for commu- 
nicating with a base station having a plurality of 
antennas through the code division multiple 
accessing, said base station transmitting radio 
wave signal by one of a plurality of said antennas, 
said radio wave signal including differentially-coded 
control data indicative of one of a plurality of said 
antennas used and data multiplexed with a pilot sig- 
nal, said data being spectrum-spread with a first 
pseudonoise code assigned to said mobile unit 
communication apparatus, said pilot signal being 
spectrum-spread with a second pseudonoise code 
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assigned to one of a plurality of said antennas 
transmitting said radio wave signal, 
said mobile unit communication apparatus compris- 
ing: 

5 

receiving means for receiving said radio wave 
signal; 

switch means for supplying one of third pseu- 
donoise codes corresponding to said second 
pseudonoise code; 10 
first de-spectrum-spreading means for de- 
spectrum-spreading said received radio wave 
signal with said one of said third pseudonoise 
codes from said switch means to output a pilot 
signal correlation result; 75 
second de-spectrum-spreading means for de- 
spectrum-spreading said received radio wave 
signal with a fourth pseudonoise code corre- 
sponding to said first pseudonoise code to pro- 
vide data correlation results; 20 
RAKE-combirdng means for RAKE-combining 
said data correlation results in accordance with 
said pilot signal correlation result to output a 
RAKE-combined signal; 

synchronously-detecting means for synchro- 2s 
nously-detecting said RAKE-combined signal; 
and 

delayed-detection means for detecting said 
control data from said RAKE-combined signal 
through the delayed-detection; and 30 
controlling means for controlling said switch 
means to supply said one of said third pseudo- 
noise codes in accordance with an output of 
said delayed-detection means. 

35 

13. The method as claimed in claim 1 , further compris- 
ing the steps of: 

(m) in said base station, error-check-coding 
said data to include error check codes before 40 
spectrum-spreading said data; 

in said mobile unit communication appa- 
ratus. 

(n) error-correcting said data with said error 
check codes after synchronously-detecting 45 
said RAKE-combined signal; 
(o) judging whether said data is error-corrected 
to a predetermined extent; 
(p) outputting said error-corrected data if; 
(q) supplying another of said third pseudonoise so 
codes and effecting steps (h) to (k) and (n) to 
(p) until said data is error-corrected to said pre- 
determined extent. 

14. A base station for communicating with at least a 55 
mobile unit communication apparatus through the 
code division multiple access comprising: 



error-check-coding means for error-check-cod- 
ing data to be transmitted to said mobile unit 
communication apparatus; 
first spectrum-spreading means for spectrum- 
spreading data from said error-check-coding 
means with a first pseudonoise code assigned 
to said mobile unit communication apparatus; 
selection means; and 

a plurality of transmission units respectively 
having a plurality of antennas provided for the 
antenna diversity communication, said selec- 
tion means selecting one of a plurality of said 
antennas in accordance with control data, each 
of a plurality of said transmission units further 
including: 

second spectrum-spreading means for 
spectrum-spreading a pilot signal with a 
second pseudonoise code assigned to the 
selected antenna to generate a spectrum- 
spread pilot signal, said first pseudonoise 
code being different from said second 
pseudonoise code, said selection means 
supplying the spectrum-spread data to one 
of a plurality of said transmission units to 
select said one of a plurality of said anten- 
nas; 

multiplexing means for multiplexing said 
spectrum-spread pilot signal with said 
spectrum-spread data; and 
transmitting means for transmitting the 
multiplexed spectrum-spread pilot signal 
and the spectrum-spread data as a radio 
wave signal through the selected antenna. 

1 5. A mobile unit communication apparatus for commu- 
nicating with a base station having a plurality of 
antennas through the code division multiple 
accessing, said base station transmitting a radio 
wave signal by one of a plurality of said antennas, 
said radio wave signal including data multiplexed 
with a pilot signal, said data error-check-coded to 
have error check codes, said data being spectrum- 
spread with a first pseudonoise code assigned to 
said mobile unit communication apparatus, said 
pilot signal being spectrum-spread with a second 
pseudonoise code assigned to said one of a plural- 
ity of said antennas transmitting said radio wave 
signal, said mobile unit communication apparatus 
comprising: 

receiving means for receiving said radio wave 
signal; 

switch means for supplying one of third pseu- 
donoise codes corresponding to said second 
pseudonoise code; 

first de-spectrum-spreading means for de- 
spectrum-spreading said received radio wave 
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signal with said one of said third pseudonoise 
codes from said switch means to output a pilot 
signal correlation result; 

second de-spectrum-spreading means for de- 
spectrum-spreading said received radio wave 
signal with a fourth pseudonoise code corre- 
sponding to said first pseudonoise code to pro- 
vide data correlation results; 
RAKE-combining means for RAKE-combining 
said data correlation results in accordance with 
said pilot signal correlation result to output a 
RAKE -combined signal; 
synchronously-detecting means for synchro- 
nously-detecting said RAKE-combined signal; 
error-correcting means for error correcting an 
output of said synchronously-detecting means; 
and 

controlling means for judging whether said data 
from an output of said synchronously-detecting 
means is error-corrected to a predetermined 
extent, for outputting said error-corrected data 
if said data from said output of said synchro- 
nously-detecting means is error-corrected to 
said predetermined extent, for controlling said 
switching means to supply another of said third 
pseudonoise codes, and for operating said 
RAKE-combining means, said synchronously- 
detecting means, and said error-correcting 
means until said output of said synchronously- 
detecting means is error-corrected to said pre- 30 
determined extent. 

16. A method of communication between a base sta- 
tion and at least a mobile unit communication appa- 
ratus through the code division multiple accessing, 3s 
comprising the steps of: 

in said base station, (a) providing a plurality of 
antennas to said base station for the antenna 
diversity communication; 40 

(b) error-correction-coding data to include 
error correction codes; 

(c) spectrum-spreading data from step (b) 
with a first pseudonoise code assigned to 45 
said mobile unit communication apparatus; 

(d) spectrum-spreading a pilot signal with 
second pseudonoise codes respectively 
assigned to a plurality of said antennas to 
generate spectrum-spread pilot signals, so 
said first pseudonoise code being different 
from each of said second pseudonoise 
codes; 

(e) multiplexing one of said spectrum- 
spread pilot signals corresponding to one 55 
of a plurality of said antennas to be used 
with said spectrum-spread data; and 

(f) transmitting said multiplexed spectrum- 



spread pilot signal and spectrum-spread 
data as a radio wave signal through said 
one of a plurality of said antennas to be 
used every downward time slot; 

in said mobile unit communication apparatus, 
(g) receiving said radio wave signal; 

(h) de-spectrum-spreading said received 
radio wave signal with third pseudonoise 
codes corresponding to said second pseu- 
donoise codes to output pilot signal corre- 
lation results in parallel; 

(i) de-spectrum-spreading said received 
radio wave signals with a fourth pseudo- 
noise code corresponding to said first 
pseudonoise code to provide data correla- 
tion results; 

0) RAKE-combining said data correlation 
results in accordance with said pilot signal 
correlation results to output RAKE-com- 
bined signals in parallel; 
(k) synchronously-detecting said RAKE- 
combined signals to output detection sig- 
nals in parallel; 

(I) error-correcting said data from said 
detection signals with said error check 
codes, outputting error-corrected signals, 
and generating syndromes every said 
detection signals; 

(m) predicting said one of plurality of 
antennas used from said syndromes; and 
(n) outputting one of said error-corrected 
signals in accordance with the predicted 
one of plurality of antennas. 

17. A base station for communicating with at least a 
mobile unit communication apparatus through the 
code division multiple access comprising: 

error-correction-coding means for error-correc- 
tion-coding data to be transmitted to said 
mobile unit communication apparatus; 
first spectrum-spreading means for spectrum- 
spreading data error-correction-coding means 
with a first pseudonoise code assigned to said 
mobile unit communication apparatus; 
selection means; and 

a plurality of transmission units respectively 
having a plurality of antennas provided for the 
antenna diversity communication, said selec- 
tion means selecting one of a plurality of said 
antennas in accordance with control data, each 
of a plurality of said transmission units further 
including: 

second spectrum-spreading means for 
spectrum-spreading a pilot signal with a 
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second pseudonoise code assigned to the 
selected antenna to generate a spectrum- 
spread pilot signal, said first pseudonoise 
code being different from said second 
pseudonoise code, said selection means 5 
supplying the spectrum-spread data to one 
of a plurality of said transmission units to 
select said one of a plurality of said anten- 
nas; 

multiplexing means for multiplexing said 10 
spectrum-spread pilot signal with said 
spectrum -spread data, and 
transmitting means for transmitting the 
multiplexed spectrum-spread pilot signal 
and the spectrum-spread data as a radio 15 
wave signal through said antenna. 

A mobile unit communication apparatus for commu- 
nicating with a base station having N antennas 
through the code division multiple accessing, said 20 
base station transmitting radio wave signal by one 
of said N antennas, said N being a natural number, 
said radio wave signal including data multiplexed 
with a pilot signal, said data being error-correction- 
coded to have error check codes, said data being 2s 
spectrum-spread with a first pseudonoise code 
assigned to said mobile unit communication appa- 
ratus, said pilot signal being spectrum-spread with 
one of N second pseudonoise codes assigned to 
the antenna transmitting said radio wave signal, 30 
said mobile unit communication apparatus compris- 
ing: 

receiving means for receiving said radio wave 

signal; 35 
N first de-spectrum-spreading means for de- 
spectrum -spreading said received radio wave 
signal with N third pseudonoise codes respec- 
tively corresponding to said N second pseudo- 
noise codes to output N pilot signal correlation *o 
results; 

second de-spectrum-spreading means for de- 
spectrum-spreading said received radio wave 
signal with a fourth pseudonoise code corre- 
sponding to said first pseudonoise code to pro- 45 
vide data correlation results; 
N RAKE-combining means for respectively 
RAKE-combining said data correlation results 
in accordance with said N pilot signal correla- 
tion results to output N RAKE-combined sig- so 
nals; 

N synchronously-detecting means for respec- 
tively synchronously-detecting said N RAKE- 
combined signals to output N detection signals; 
N error-correcting means for error-correcting N 55 
detection signals to output N error-corrected 
signals and generating corresponding N syn- 
dromes; and 



control means for predicting which one of said 
N antennas is used from said N syndromes, 
and for outputting one of said N error-corrected 
signals corresponding to said N syndrome 
showing a highest probability. 

19. A method of communication between a base sta- 
tion and at least a mobile unit communication appa- 
ratus through the code division multiple accessing 
and the time-division-duplexing, comprising the 
steps of : 

in said base station, (a) providing a plurality of 
antennas to said base station for the antenna 
diversity communication; 

(b) spectrum-spreading data to be trans- 
mitted to said mobile unit communication 
apparatus with a first pseudonoise code 
assigned to said mobile unit communica- 
tion apparatus every downward time slot; 

(c) spectrum-spreading a pilot signal with 
second pseudonoise codes respectively 
assigned to a plurality of said antennas to 
generate spectrum-spread pilot signals 
every downward time slot, said first pseu- 
donoise codes being different from each of 
said second pseudonoise codes; 

(d) multiplexing one of said spectrum- 
spread pilot signals corresponding to one 
of a plurality of said antennas to be used 
with said spectrum-spread data; and 

(e) transmitting said multiplexed spectrum- 
spread pilot signal and spectrum-spread 
data as a radio wave signal through said 
one of a plurality of said antennas every 
said downward time slot; 

in said mobile unit communication apparatus, 
(f) receiving said radio wave signal to output 
said data in accordance with the pilot signal 
included in said radio wave signal; 

(f) spectrum-spreading second data to be 
transmitted to said base station with a third 
pseudonoise code corresponding to said 
first pseudonoise code; 

(g) spectrum-spreading a second pilot sig- 
nal with said third pseudonoise code; 

(h) time-division-multiplexing said spec- 
trum-spread second pilot signal with the 
spectrum-spread second data in every 
upward time slot; and 

(i) transmitting the time-division-multi- 
plexed spectrum-spread second pilot sig- 
nal and the spectrum-spread second data 
as a second radio wave signal. 
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20. A base station for communicating with at least a 
mobile unit communication apparatus through the 
code division multiple access and the time-division- 
duplexing comprising: 

5 

first spectrum-spreading means for spectrum- 
spreading data to be transmitted to said mobile 
unit communication apparatus with a first pseu- 
donoise code assigned to said mobile unit 
communication apparatus; w 
selection means; and 

a plurality of transmission units respectively 
having a plurality of antennas provided for the 
antenna diversity communication, said selec- 
tion means selecting one of a plurality of said 15 
antennas in accordance with control data to 
select said one of a plurality of said antennas, 
each of a plurality of said transmission units 
further including: 

20 

second spectrum-spreading means for 
spectrum-spreading a pilot signal with a 
second pseudonoise code assigned to the 
selected antenna to generate a spectrum- 
spread pilot signal, said first pseudonoise 25 
code being different from said second 
pseudonoise code,; 

multiplexing means for multiplexing said 
spectrum-spread pilot signal with said 
spectrum-spread data; and 30 
transmitting means for transmitting the 
multiplexed spectrum-spread pilot signal 
and the spectrum-spread data as a radio 
wave signal through said antenna every 
downward time slot; and 35 
receiving means for receiving a second 
radio wave signal from said mobile unit 
communication apparatus every upward 
time slot. 

40 

21 . A mobile unit communication apparatus for commu- 
nicating with a base station having a plurality of 
antennas through the code division multiple 
accessing and the time-division-duplexing, said 
base station transmitting first radio wave signal by 45 
one of a plurality of antennas, said first radio wave 
signal including first data multiplexed with a first 
pilot signal, said first radio wave signal said data 
being spectrum-spread with a first pseudonoise 
code assigned to said mobile unit communication 50 
apparatus, said first pilot signal being spectrum- 
spread with a second pseudonoise code assigned 
to said one of a plurality of said antennas transmit- 
ting said first radio wave signal, 

said mobile unit communication apparatus compris- 55 
ing: 

receiving means for receiving said first radio 



wave signal; 

switch means for supplying one of third pseu- 
donoise codes corresponding to said second 
pseudonoise codes; 

first de-spectrum-spreading means for de- 
spectrum-spreading said received first radio 
wave signal with said one of said third pseudo- 
noise codes from said switch means to output a 
pilot signal correlation result; 
second de-spectrum -spreading means for de- 
spectrum-spreading said received radio wave 
signal with a fourth pseudonoise code corre- 
sponding to said first pseudonoise code to pro- 
vide data correlation results; 
RAKE-combining means for RAKE-combining 
said data correlation results in accordance with 
said pilot signal correlation result to output a 
RAKE -combined signal; 
synchronously-detecting means for synchro- 
nously-detecting said RAKE-combined signal; 
controlling means for controlling said switch 
means to supply said one of said third pseudo- 
noise codes in accordance with an output of 
said synchronously-detecting means; 
third spectrum-spreading means for spectrum- 
spreading second data to be transmitted to 
said base station with said fourth pseudonoise 
code; 

fourth spectrum-spreading means for spec- 
trum-spreading a second pilot signal with said 
third pseudonoise code; 
time-division-duplexing means for time<fivi- 
sion-duplexing said spectrum-spread pilot sig- 
nal from said fourth spectrum-spreading 
means with said spectrum-spread second 
data; and 

transmitting means for transmitting an output of 
the time-division-duplexing means as a second 
radio wave signal every downward time slot to 
said base station. 
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